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SECTION 1 

INTRODUCTION 


This work plan was prepared by Parsons Engineering Science, Inc. (Parsons ES), 
formerly Engineering Science, Inc. (ES), and presents the scope of work required for 
the collection of data necessary to conduct a treatability study (TS) for the intrinsic 
remediation of groundwater contaminated with petroleum hydrocarbons and chlorinated 
aliphatic hydrocarbons (CAHs) at the Priority-One Site Fire Training Area 01 (FT-1) 
located at Fairchild Air Force Base (AFB), 12 miles west of Spokane, Washington (the 
Base). The record-of-decision (ROD) for FT-1 specifies the use of air sparging to 
remediate volatile organic compounds (VOCs) in site groundwater. Therefore, this TS 
will assess naturally occurring contaminant attenuation processes for groundwater and 
evaluate how these processes will operate in conjunction with the future air sparging 
system. This work plan is oriented toward the collection of hydrogeologic data to be 
used as input into groundwater flow and solute transport models to evaluate intrinsic 
remediation for restoration of groundwater contaminated with benzene, toluene, 
ethylbenzene, xylenes (BTEX), and CAHs. 

As used in this report, the term “intrinsic remediation” refers to a management 
strategy that relies on natural attenuation mechanisms to remediate contaminants 
dissolved in groundwater and to control the potential for receptor exposure to site- 
related contaminants in the subsurface. “Natural attenuation” refers to the actual 
physical, chemical, and biological processes that facilitate intrinsic remediation. 
Mechanisms for natural attenuation of BTEX and CAHs include advection, dispersion, 
dilution from recharge, sorption, volatilization, and biodegradation. Of these 
processes, biodegradation is the only mechanism working to transform contaminants 
into innocuous byproducts. Intrinsic bioremediation occurs when indigenous 
microorganisms work to bring about a reduction in the total mass of contamination in 
the subsurface without the addition of nutrients. Patterns and rates of intrinsic 
remediation can vary markedly from site to site depending on governing physical and 
chemical processes. 

As part of the TS, the contaminant fate and transport modeling effort will have two 
primary objectives: 1) predict the future extent and concentration of dissolved 
contaminant plumes by modeling the effects of advection, dispersion, sorption, and 
biodegradation in conjunction with an air sparging system; and 2) assess the possible 
exposure of potential downgradient receptors to contaminant concentrations that exceed 
levels intended to be protective of human health and the environment. The modeling 
efforts for the FT-1 site at Fairchild AFB will involve completion of several tasks, 
which are described in the following sections. 
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This work plan was developed following discussions among representatives from the 
Air Force Center for Environmental Excellence (AFCEE), the 92nd Civil Engineering 
Squadron-Environmental (92 CES/CEVR), and Parsons ES at a meeting held at the 
Base on July 11, 1995, to discuss the statement of work (SOW) for this project, and on 
a review of existing site characterization data. All field work will follow the health and 
safety procedures presented in the program Health and Safety Plan for Bioplume II 
Modeling Initiative (ES, 1993), and the site-specific addendum to the program Health 
and Safety Plan. This work plan was prepared for AFCEE and 92 CES/CEVR. 

1.1 SCOPE OF CURRENT WORK PLAN 

The ultimate objective of the work described herein is to provide a TS for intrinsic 
remediation of groundwater contamination at FT-1 in conjunction with the ROD- 
specified air sparging system. However, this project is part of a larger, broad-based 
initiative being conducted by AFCEE in conjunction with the US Environmental 
Protection Agency (USEPA) and Parsons ES to document the biodegradation and 
resulting attenuation of fuel hydrocarbons and solvents dissolved in groundwater, and 
to model this degradation using numerical and analytical groundwater model codes. 
For this reason, the work described in this work plan is directed toward the collection 
of data in support of this initiative. This work plan describes the site characterization 
activities to be performed by personnel from Parsons ES and the USEPA National Risk 
Management Research Laboratory (NRMRL) Subsurface Protection and Remediation 
Division, formerly the USEPA Robert S. Kerr Environmental Research Laboratory, in 
support of the TS and the groundwater modeling effort. Field activities will be 
performed to determine if mobile and residual light nonaqueous-phase liquid (LNAPL) 
exists at the site and to determine the extent of LNAPL and dissolved contamination. 
The data collected during the TS will be used along with data from previous 
investigations to supplement the characterization of contamination at the site, and as 
input for the groundwater flow and solute transport models to make predictions of the 
future concentrations and extent of contamination. 

Site characterization activities in support of the TS will include: 1) determination of 
preferential contaminant migration and potential receptor exposure pathways; 2) soil 
sampling using the Geoprobe® direct-push technology; 3) groundwater monitoring point 
placement; 4) groundwater sampling; and 5) aquifer testing. The materials and 
methodologies to accomplish these activities are described herein. Previously reported 
site-specific data and data collected during the supplemental site characterization 
activities described in this work plan will be used as input for the groundwater flow and 
solute transport models. Where site-specific data are not available, conservative values 
for the types of aquifer materials present at the site will be obtained from widely 
accepted published literature and used for model input. Sensitivity analyses will be 
conducted for the parameters that are known to have the greatest influence on the 
model results, and where possible, the model will be calibrated using historical site 
data. 

This work plan consists of six sections, including this introduction. Section 2 
presents a review of available previously reported, site-specific data and a preliminary 
conceptual hydrogeologic model for the site. Section 3 describes the proposed 
sampling strategy and procedures to be used for the collection of additional site 
characterization data. Section 4 describes the TS report format. Section 5 describes 
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the quality assurance/quality control (QA/QC) measures to be used during this project. 
Section 6 contains the references used in preparing this document. There are two 
appendices to this work plan. Appendix A contains a listing of containers, 
preservatives, packaging, and shipping requirements for soil and groundwater samples. 
Appendix B contains summary site data, including available well logs and summaries of 
historical soil and groundwater analytical data from previous field investigation work. 

1.2 BACKGROUND 

Fairchild AFB occupies an area of approximately 4,300 acres 12 miles west of 
Spokane, Washington (Figure 1.1). The Base is divided roughly in half by the main 
northeast/southwest runway (Figure 1.2). Aircraft operational facilities, approximately 
1,600 Base housing units, an elementary school, a hospital, and support facilities for 
the tenants housed on-Base lie north of the runway. The air traffic control tower, 
weapons storage area, and survival training school lie to the south of the runway 
[Halliburton NUS (HNUS), 1993a]. 

The Base was established in 1942 as an Army repair depot and transferred to the 
Strategic Air Command (SAC) in 1947. In 1992, Base control was transferred to the 
Air Combat Command (ACC). Currently, the Base is operated by the Air Mobility 
Command (AMC) and serves as host to the 92nd Air Refueling Wing. The Base also is 
the current home of the 141st Air Refueling Wing of the Washington Air National 
Guard (WANG), aircraft operational facilities, a weapons storage area, and a survival 
training school. Base operations employ approximately 5,000 civilian and military 
personnel (ES, 1994a). 

Site FT-1 is a former fire training area located near the eastern property boundary of 
the Base between Taxiway 10 and Perimeter Road (Figure 1.3). Surface features at the 
site include a concrete fire training building (Building 1570), a subsurface confined- 
space-entry training vault, and a concrete slab. A large gravel pad surrounds all of 
these surface features. A lined fire pit is located immediately south of Building 1570 
(Figure 1.3). The pit was constructed in 1970 using bermed gravel, and a mock 
aircraft is located in the center of the pit. Prior to 1970, fire training exercises were 
performed in an unlined pit formerly located immediately north of the current lined fire 
training pit, near Building 1570. A 4,000-gallon underground storage tank (UST) 
located east of Building 1570 was used to store fuels used in fire training exercises. 
Pressure tests performed on this tank in 1989 did not indicated the presence of potential 
leaks. Additionally, an oil/water separator is located within the gravel pad 
approximately 150 feet east of the current training pit. It was used to separate 
unbumed fuels from water that remained in the training pit after training exercises were 
conducted. A poorly defined manmade ditch receives effluent from the oil/water 
separator and discharges in a wide, flat, marshy area where outfall infiltrates the 
ground surface (HNUS, 1993a). 

Fire training exercises were conducted on a regular basis at FT-1 until operations 
were ceased in August 1991. Recent exercises consisted of filling the training pit with 
2 to 3 inches of water and spraying approximately 300 gallons of uncontaminated fuel 
hydrocarbons over the top of the water. The fuel was then ignited and aqueous film- 
forming foam (AFFF) was applied to extinguish the fire. In recent exercises only 
uncontaminated fuels were used. However, during historical exercises, waste fuels and 
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other types of hazardous waste substances were used. The nature of these other wastes 
was not described in previous reports reviewed during the development of this work 
plan (HNUS, 1993a). 

Investigations were initiated at FT-1 as a result of Installation Restoration Program 
(IRP) Phase 1 Record Search conclusions (JRB Associates, 1985). The presence of 
groundwater contamination was confirmed in the IRP Phase II 
Confirmations/Quantification study performed by Battelle Denver Operations (1989). 
Since that time, a remedial investigation (RI) has been completed by HNUS (1993), an 
analytical informal technical information report (ITIR) for long-term groundwater 
monitoring has been submitted by EA Engineering, Science, and Technology and 
Montgomery Watson Americas, Inc. (ES&T and MWA, 1995), and a remediation pilot 
study is currently being performed (ES, 1994b). 

To date, soil contamination has been detected near the current fire training pit and 
near the outfall of the oil/water separator. Dissolved BTEX contamination also has 
been detected in groundwater samples collected near the current fire training pit. 
Additionally, dissolved CAH contamination has been detected at low concentrations, 
typically less than 5 micrograms per liter (pg/L), in samples collected from 
groundwater underlying the site and as far as 5,500 feet downgradient from the site. 
Dissolved BTEX concentrations, have been measured at concentrations significantly 
higher than dissolved CAH concentrations, with total dissolved BTEX concentrations as 
high as 1,320 pg/L measured in groundwater samples collected during previous 
investigations. The presence of mobile LNAPL (i.e., free product) or dense 
nonaqueous-phase liquid (DNAPL) has not been detected during previous site 
investigations. 
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SECTION 2 

DATA REVIEW AND CONCEPTUAL MODEL DEVELOPMENT 


Previously reported site-specific data were reviewed and used to develop a 
conceptual site model (CSM) for the groundwater flow and contaminant transport 
conditions at FT-1. The CSM guides the development of sampling locations and 
analytical data requirements needed to support the modeling efforts and to evaluate 
remediation technologies, including intrinsic remediation. Section 2.1 presents a 
synopsis of available site characterization data. Section 2.2 presents the preliminary 
conceptual groundwater flow and contaminant transport model that was developed 
based on these data. 

2.1 DATA REVIEW 

The following sections are based upon review of data from the following sources: 

• IRP Remedial Investigation Report (HNUS, 1993a); 

• IRP Record of Decision On-Base Priority One Operable Units (Sites SW-1, IS-1, 
OU-1 (PS-2, PS-6, AND PS-8), FT-1 AND WW-1) (HNUS, 1993b); 

• IRP Remedial Design Work Plan for Fire Training Area FT-1, Fairchild AFB, 
Washington (ES, 1994a) 

• IRP Baseline Data Bioventing and Air Sparging Treatability Test Letter Report, 
Site FT-1, Fire Training Facility, Fairchild AFB, Washington (Parsons ES, 
1994b); 

• Addendum to the IRP Baseline Data Bioventing and Air Sparging Treatability 
Test Letter Report Site FT-1, Fire Training Facility, Fairchild AFB, Washington 
(Parsons ES, 1995); 

• Analytical ITIR: Long-Term Monitoring, April 1995 Sampling Craig Road 
Landfill and Priority Sites SQ-1, PS-2, PS-8, and FT-01 (ES&T and MWA, 
1995); and 

• Long-Term Monitoring Report For Priority 1 Sites SW-1 (LF-01), PS-2 (SS-18), 
and PS-8 (SS-26) at Fairchild AFB, Washington (ICF Technology, Inc., 1995). 

Several other reports contain site information that may be useful during the 
development of fate and transport models. These documents, which were unavailable 
during the development of this work plan, include: 

2-1 
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• Remedial Investigation/Feasibility Study (RI/FS) Site Characterization Summary 
Report Priority 1 Sites Fairchild AFB [Science Applications International 
Corporation (SAIC), 1990]; 

• IRP Phase II, Stage 1 Confirmation/Qualification, Stage 1 Fairchild AFB 
(Battelle Laboratories, 1985); and 

• IRP Phase I Records Search, 92nd Bombardment Wing, Fairchild AFB (JRB 
Associates, 1985). 

2.1.1 Topography, Surface Hydrology, and Climate 

Fairchild AFB is located within the Columbia Basin in the northeastern comer of the 
55,000-square-mile Columbia Plateau Physiographic Province (ICF Technology Inc., 
1995). The Columbia Plateau is bordered by mountains and highlands on all side. The 
northern edge of the Plateau gives way to the Okanogan Highlands roughly 75 miles 
north of Fairchild AFB, while the eastern end of the Plateau is bordered by the Rocky 
Mountains, approximately 75 miles east of Fairchild AFB. The Plateau extends 
approximately 250 miles to the south and west of the Base. The Blue Mountains border 
the Plateau on the south, and the Cascade Mountains border the Plateau on the west. 
There is a watershed divide in the center of the Plateau that causes streams north of this 
divide to flow in a northerly direction, and streams south of the divide to flow in a 
southerly direction. The topography of the region was shaped by glacial flood waters 
that eroded the surface of the Columbia Plateau during the Pleistocene Epoch 
(approximately 22,000 years ago) (HNUS, 1993a). The surface topography of the 
Base and surrounding region is generally flat to gently rolling grasslands sloping 
slightly to the east-northeast. Ground surface elevations on the Base range from 2,400 
to 2,460 feet above mean sea level (ft msl) (Figure 2.1). 

Fairchild AFB is located in the northern half of the Columbia Plateau, north of the 
watershed divide. All surface water drainage in this region of the Columbia Plateau 
generally flows to the north or northwest (Flint, 1936). The Base is approximately 7 
miles west-southwest of the Spokane River, which flows through the city of Spokane 
[US Geological Survey (USGS), 1973a, 1973b, 1986a, and 1986b]. Two other 
drainages in the vicinity of the Base are Deep Creek and Marshall Creek, located 
approximately 2 miles northwest and 8 miles southeast of the Base, respectively. These 
creeks flow northwest and join the Spokane River, which drains this region of the 
Plateau. Surface water on the Base is generally limited to precipitation runoff and 
intermittent flow in No Name Ditch near the eastern boundary of the Base just north of 
FT-1. Precipitation runoff is controlled within a series of manmade ditches. 
Reportedly, water collected in the ditch system does not leave Base property, and 
surface water either infiltrates the subsurface or evaporates (HNUS, 1993a). 

At FT-1, storm precipitation is reported to infiltrate into the ground. A manmade 
drainage ditch extends approximately 300 feet eastward from the oil/water separator on 
the eastern edge of the training pit and terminates in a broad flat marshy area. The 
oil/water separator treated discharge generated during fire training exercises. Fire 
training exercises ceased at the site in 1991, and the oil/water separator is currently 


022/722450/FCWP/12.WW6 


2-2 


























































inactive. Snowmelt runoff was observed in the ditch during the RI activities (HNUS, 
1993a). 

Fairchild AFB is surrounded by semi-arid grasslands common to this area of the 
Columbia Basin. The Base receives approximately 16 inches of rainfall during the 
warm dry summers, and 40 inches of snowfall during the cool, damp winter months. 
The prevailing wind direction in the region is to the northeast at an average speed of 8 
miles per hour (ICF Technology, Inc., 1995). The average evapotranspiration rate for 
the region is reported at 12.8 inches per year (JRB Associates, 1985). Maximum 
infiltration rates usually occur during the early spring when snow melt runoff combines 
with precipitation while temperatures are still cool and evapotranspiration is low 
(HNUS, 1993a). 

2.1.2 Overview of Geology and Hydrogeology 
2.1.2.1 Regional Geology and Hydrogeology 

The shallow subsurface geology at Fairchild AFB is a mixture of Quaternary 
sediments consisting of eolian, glacial, fluvial, lacustrine deposits (Figure 2.2). Flood 
waters from the glacial-era Missoula Lake scoured the basalt bedrock of this region of 
the Columbia Plateau. Coarse sediments were deposited during the early recession of 
flood waters, followed by finer sediments during the later stages of floodwater 
recession. The alluvium in the vicinity of the Base generally consists of fine-grained 
sediments deposited by receding glacial flood waters. Clays and silts are intermixed 
with sandy silts, clays, and gravels (HNUS, 1993a). Additionally, loess (windblown 
silt) deposits are interbedded in portions of the unconsolidated deposits. 
Unconsolidated deposits generally follow the slope of the underlying basalt bedrock 
(ICF Technology, Inc., 1995). 

Bedrock in the vicinity of the Base is mostly Tertiary basalts of the Columbia River 
Group. Basalts below Fairchild AFB are of the Wanampum Formation (HNUS, 
1993a). The basalt flows in the region are interbedded with sedimentary clay and silt 
units of the of the Latah Formation. These layers were deposited when stream beds 
were isolated by the volcanic basalt flows (Cline, 1969). The Wanampum Basalt flow 
below the Base appears to be divided into an upper and lower flow sequence by an 
interbed of the Latah Formation (Figure 2.3). The upper basalt flow is 166 feet to 193 
feet thick across the Base. The surface of the upper basalt flow is vesiculated, deeply 
fractured, and highly weathered in places. Just east of the Base the upper basalt layer 
was completely eroded away by the Missoula Lake flood waters. The middle of this 
flow contains few vesicles and fractures; the formation becomes more massive and 
competent with depth. The underlying Latah Formation deposits consist of an 
extensive silty claystone that ranges in thickness from 8.5 to 10 feet (HNUS, 1993a). 
Information on the geologic characteristics of the lower basalt flow was not available in 
the previous reports reviewed as part of this work plan; however, information on the 
lower basalt flow is not considered to be vital to the formation of the CSM for data 
collection to evaluate intrinsic remediation at FT-1. 

Groundwater in the vicinity of the Base is encountered from 8 to 12 feet below 
ground surface (bgs) and is found in both the unconsolidated material and the 
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underlying basalt bedrock. Groundwater flow in the unconsolidated deposits is through 
intergranular pore space, while flow in the basalt is through interconnecting fractures 
(HNUS, 1993a). Flow across the Base is generally to the east and east-northeast, but 
local variations may result from local changes in bedrock topography (Figure 2.4). 
Groundwater in the unconsolidated material and shallow bedrock is generally 
unconfined, with some local semiconfined areas. The unconsolidated material and the 
shallow basalt are hydraulically connected by fractures, vesicles, and weathered zones. 
The middle region of the shallow basalt flow is more competent with less fracturing, 
and acts as an aquitard. The interbedded claystone between the basalt flows also acts as 
a confining layer (HNUS, 1993a). 

Recharge of the aquifer under the Base is expected to come from upgradient flow 
and surface runoff infiltration. Groundwater in the shallow aquifer in the vicinity of 
the Base is not known to be used as a drinking water supply. Neighborhoods to the 
east and northeast of the Base obtain domestic and agricultural water primarily from 
private wells which tap aquifers in the deeper basalt flows. The closest residential 
neighborhoods are roughly 1,800 feet east (downgradient) of the site. Base drinking 
water is primarily supplied from a Base-owned well field 10 miles northwest of the 
Base. Additionally, there is a water supply well located in the southern area of the 
Base. This well also produces water from the basalt aquifer and supplies roughly 10 
percent of the Base's needs (HNUS, 1993a). 

2.1.2.2 FT-1 Geology and Hydrology 

Site geology and hydrogeology descriptions are summarized principally from 
descriptions provided in the RI (HNUS, 1993a). Surface soils at the site primarily 
consist of Cheney and Uhlig Series clayey silts, and the description of subsurface soils 
underlying FT-1 is relatively consistent with the regional geology described in Section 
2.1.2.1. Unconsolidated material overlying the basalt bedrock ranges in thickness from 
9 feet to 30 feet across the site. Shallow deposits at FT-1 are primarily silty clays and 
clayey silts with sands, while deeper unconsolidated material appears to be coarser- 
grained and consists of silty sands and gravels. Unconsolidated material overlies two 
distinct basalt flows that are separated by a Latah Formation sedimentary interbed. 
Geologic cross sections B-B’ and C-C' depict the unconsolidated material and shallow 
regions of the upper basalt bedrock underlying the site. The locations of these cross 
sections are shown on Figure 2.5, with cross section A-A’ presented on Figure 2.6 and 
cross section B-B’ presented on Figure 2.7. 

Geologic features of the shallow basalt flow, sedimentary interbed, and upper 
portion of the deeper basalt flow underlying FT-1 were investigated during the 
installation of a cored hole later completed as MW-159. Packer tests were performed 
at 10-foot intervals during the installation of this hole. Results of the packer testing 
performed at FT-1 are presented in Table 2.1. The shallow basalt flow is estimated to 
be 192 feet thick and to extend to a depth of 207 feet bgs. The upper 50 feet of the 
shallow basalt flow is described as being massive weathered basalt with small vesicles 
and slight to moderate fracturing. The middle portion of the upper basalt flow becomes 
more dense with fewer vesicles and hairline fractures existing from 65 to 180 feet bgs. 
From 180 feet to 205 feet bgs, the flow is described as relatively nonfractured and 
nonvesicular massive basalt. The bottom few feet of the upper basalt flow, near the 
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TABLE 2.1 

SUMMARY OF PACKER TEST RESULTS PERFORMED 
DURING INSTALLATION OF MW-159 
SITE FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 


Dept Interval 
(feet bgs) 

Formation 

Bulk Hydraulic 
Conductivity (K) 

(ft/day) 

20-30 

Basalt A 

2.66 

25-35 

Basalt A 

2.56 

35-45 

Basalt A 

0.02 

45-55 

Basalt A 

0.01 

55-65 

Basalt A 

0.02 

65-75 

Basalt A 

0.04 

75-85 

Basalt A 

0.02 

85-95 

Basalt A 

0.03 

95-105 

Basalt A 

0.02 

106-116 

Basalt A 

0.02 

105-115 

Basalt A 

0.03 

115-125 

Basalt A 

0.05 

125-135 

Basalt A 

0.09 

135-145 

Basalt A 

0.32 

145-155 

Basalt A 

0.33 

155-165 

Basalt A 

0.32 

160-170 

Basalt A 

0.33 

165-175 

Basalt A 

0.30 

175-185 

Basalt A 

0.31 

185-195 

Basalt A 

0.34 

197-202 

Basalt A 

0.58 

202-207 

Basalt A 

0.52 

207-212 

Interbed A 

0.60 

209-214 /a 

Interbed A 

0.60 

216-221 

Basalt B 

0.82 

222-227 

Basalt B 

0.52 


The 214- to 216-foot interval was not tested to avoid bridging the Interbed A and Basalt B 


interface. 
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Latah interbed, becomes more vesicular. The Latah Formation interbed separating the 
upper and lower basalt flows is approximately 8.5 feet thick and extends from 207 feet 
bgs to 215.5 feet bgs. This interbed consists of silty claystone with deposits of organic 
material. The upper portion of the deep basalt flow is described as highly vesicular 
with a moderate to high number of fractures and minor weathering. Deeper portions of 
the lower basalt flow had not been investigated in reports reviewed during the 
development of this work plan. 

There are currently 39 groundwater monitoring wells associated with FT-1, 
including 18 wells screened in the unconsolidated deposits and 18 wells screened in the 
basalt bedrock. Construction details for three monitoring wells, MW-225, MW-226, 
and MW-227, were not available in reports reviewed during the development of this 
work plan. Groundwater at the site resides in the Quaternary glacial deposits and in the 
underlying upper basalt bedrock. Available monitoring well construction details and 
select well level data are presented in Table 2.2. Figure 2.8 shows the groundwater 
surface for FT-1 in March 1992. 

In the immediate vicinity of the site, groundwater flows to the east-southeast, which 
is consistent with the regional flow direction. Groundwater elevations measured in 
March 1992 indicate the average hydraulic gradient across FT-1 is approximately 0.002 
foot per foot (ft/ft); however, the hydraulic gradient in the source area and immediately 
east of Rambo Road is somewhat steeper, at 0.007 ft/ft (Figure 2.8) (HNUS, 1993a). 
Fluctuations of up to 9 feet were observed in monitoring well data collected from 
February 1991 to April 1992 (HNUS, 1993a). Typically, groundwater elevations at 
Fairchild AFB are lower during August through November, and higher during April 
through July (ICF Technology, Inc., 1995). 

Six unconsolidated deposits/shallow bedrock groundwater monitoring wells pairs 
(MW-49 and MW-59; MW-149 and MW-150; MW-50 and MW-100; MW-153 and 
MW-154; MW-157 and MW-158; and MW-53 and MW-61) were installed to 
investigate vertical hydraulic gradients and the vertical extent of contamination in 
groundwater underlying FT-1. Groundwater elevation data collected in 1991 and 1992 
suggest downward vertical gradients of 0.006, 0.01, 0.006, and 0.0006 ft/ft for 
monitoring well pairs MW-49 and MW-59, MW-149 and MW-150, MW-50 and MW- 
100, and MW-157 and MW-158, respectively. Water elevations measured within the 
groundwater monitoring wells MW-154 and MW-153 did not indicate the presence of a 
vertical gradient near this pair (HNUS, 1993a). In 1992, the maximum downward 
vertical gradient was measured at 0.58 ft/ft between wells MW-53 and MW-61. Basalt 
bedrock well MW-61 exists in a high-yielding fracture zone. Because of the large 
differences in hydraulic heads between well MW-61 and the nearby unconsolidated 
deposit well and other site wells screened between 60 and 70 feet bgs in the basalt 
bedrock, it is believed that the fracture zone at MW-61 is hydraulically isolated from 
other site wells of similar or shallower depth. 

Large differences in groundwater elevations were observed between all well pairs 
screened in the shallow bedrock and in the deeper regions of the upper basalt flow. In 
1992, groundwater elevations measured in deep bedrock monitoring wells MW-159, 
MW-98, and MW-163 were 172 feet, 80 feet, and 169 feet lower than measurements 
collected from MW-51 the nearest shallow well. These differences appear to indicate 
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TABLE 2.2 

SUMMARY OF WELL INSTALLATION DETAILS AND 
SELECT GROUNDWATER ELEVATION DATA 
SITE FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 


Well 

Identification 

Sampling 
Event or 

Date 

Depth to 
Bottom of 
Well 

(feet fogs)" 7 

Screened 

Interval 

(feet bgs) 

Elevation of 
Reference Point 

for Measurements 

(feet msl) b/ 

Depth to 
groundwater 

(feet) 

Groundwater 

Elevation 

(feet msl) 

Source c/ 

MW-1 

2/91 

15 

4.5-10 

2404.06 

7.01 

2397.05 

1 


3/92 

NA d/ 


2404.06 

7.21 

2396.85 

1 


4/95 

13.55 


NA 

5.26 

NA 

2 

MW-2 

2/91 

14 

6.3-11.8 

2406.95 

7.94 

2399.01 

1 


3/92 

NA 


2406.95 

7.95 

2399 

1 


4/95 

13.55 


NA 

4.28 

NA 

2 

MW-3 

2/91 

11 

3.5-9 

2403.61 

6.54 

2397.07 

1 


3/92 

NA 


2403.61 

6.84 

2396.77 

1 


4/95 

13.5 


NA 

5.16 

NA 

2 

MW-4 

2/91 

15 

7.35-12.85 

2404.93 

7.37 

2397.56 

1 


3/92 

NA 


2404.93 

7.59 

2397.34 

1 


4/95 

14.4 


NA 

5.54 

NA 

2 

MW-6 

2/91 

17.5 

5.8-16.75 

2406.45 

9.87 

2396.58 

1 


3/92 

NA 


2406.45 

10.02 

2396.43 

1 

MW-13 

2/91 

15.5 

8.05-15.55 

2404.35 

9.87 

2394.48 

1 


3/92 

NA 


2404.35 

9.85 

2394.5 

1 

MW-49 

2/91 

13 

8-13 

2400.95 

5.84 

2395.11 

1 


3/92 

NA 


2400.95 

6.11 

2394.84 

1 

MW-50 

2/91 

20 

6-16 

2400.22 

4.24 

2395.98 

1 


3/92 

NA 


2400.22 

4.53 

2395.69 

1 


4/95 

17.45 


NA 

3.7 

NA 

2 

MW-51 

2/91 

10 

5-10 

2400.77 

3.87 

2396.9 

1 


1/92 

NA 


2400.77 

5.9 

2394.87 

1 


3/92 

NA 


2400.77 

4.13 

2396.64 

1 

MW-52 

2/91 

15.6 

5.6-15.6 

2409.31 

9.41 

2399.9 

1 


3/92 

NA 


2409.31 

8.94 

2400.37 

1 

MW-53 

2/91 

21.6 

11.5-21.5 

2409.75 

10.15 

2399.6 

1 


3/92 

NA 


2409.75 

10.05 

2399.7 

1 

MW-59 

2/91 

73.5 

59.5-70 

2401.2 

6.45 

2394.75 

1 


3/92 

NA 


2401.2 

6.73 

2394.47 

1 

MW-61 

2/91 

72 

59.5-70 

2408.63 

37.64 

2370.99 

1 
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TABLE 2.2 (Continued) 

SUMMARY OF WELL INSTALLATION DETAILS AND 
SELECT GROUNDWATER ELEVATION DATA 
SITE FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 




Depth to 


Elevation of 





Sampling 

Bottom of 

Screened 

Reference Point 

Depth to 

Groundwater 


Well 

Event or 

Well 

Interval 

for Measurements 

groundwater 

Elevation 


Identification 

Date 

(feet bgs)* 7 

(feet bgs) 

(feet msl) b/ 

(feet) 

(feet msl) 

Source c/ 

MW-61 (cont.) 

3/92 

NA 


2408.63 

37.07 

2371.56 


MW-98 

2/91 

203.46 

193.13-203.46 

2400.14 

86.88 

2313.26 

1 


1/92 

NA 


2400.14 

85.3 

2314.84 

1 


3/92 

NA 


2400.14 

84.18 

2315.96 

1 

MW-100 

2/91 

53.43 

43.1-53.43 

2400.36 

4.69 

2395.67 

1 


3/92 

NA 


2400.36 

4.94 

2395.42 

1 


5/95 

NA 


NA 

4.14 

NA 

2 

MW-104 

2/91 

9.24 

3.99-9.24 

2402.37 

3.94 

2398.43 

1 


3/92 

NA 


2402.38 

4.17 

2398.21 

1 

MW-119 

6/91 

204 

191-201.74 

NA 

59.55 

NA 

1 

MW-121 

1/92 

22 

6-16.3 

NA 

NA 

2380.1 

1 


3/92 

NA 


2388.34 

7.85 

2380.49 

1 

MW-123 

1/92 

17 

7-17 

NA 

NA 

2384.93 

1 


3/92 

NA 


2394.13 

8.07 

2386.06 

1 

MW-124 

6/91 

55.7 

44.7-55.7 

NA 

7.12 

NA 

1 


3/92 

NA 


2397.89 

6.69 

2391.26 

1 

MW-125 

6/91 

16 

4.5-14.5 

NA 

5.55 

NA 

1 


3/92 

NA 


2397.78 

7.87 

2389.91 

1 

MW-148 

1/92 

10 

5-10 

NA 

NA 

2396.56 

1 


3/92 

NA 


2406.97 

8.65 

2398.32 

1 

MW-149 

1/92 

14 

9-14 

NA 

NA 

2396.04 

1 


3/92 

NA 


2406.87 

9.51 

2397.36 

1 

MW-150 

1/92 

43 

32-42 

NA 

NA 

2395.77 

1 


3/92 

NA 


2406.78 

9.71 

2397.07 

1 

MW-151 

1/92 

30.3 

20-30 

NA 

NA 

2395.03 

1 


3/92 

NA 


2400.45 

4.35 

2396.1 

1 


4/95 

32.05 


NA 

3.1 

NA 

2 

MW-152 

1/92 

12 

7-12 

NA 

NA 

2395.11 

1 


3/92 

NA 


2402.23 

5.92 

2396.31 

1 


4/95 

13.45 


NA 

4.28 

NA 

2 
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TABLE 2.2 (Concluded) 

SUMMARY OF WELL INSTALLATION DETAILS AND 
SELECT GROUNDWATER ELEVATION DATA 
SITE FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 


Well 

Identification 

Sampling 
Event or 

Date 

Depth to 
Bottom of 

Well 

(feet bgs)* 7 

Screened 

Interval 

(feet bgs) 

Elevation of 
Reference Point 
for Measurements 

(feet msl) b/ 

Depth to 
groundwater 

(feet) 

Groundwater 

Elevation 

(feet msl) 

Source c/ 

MW-153 

1/92 

9.2 

4-9 

NA 

NA 

2394.88 

1 


3/92 

NA 


2402.21 

6.18 

2396.03 

1 


4/95 

11.3 


NA 

5.14 

NA 

2 

MW-154 

1/92 

30.3 

20-30 

NA 

NA 

2394.88 

1 


3/92 

NA 


2401.52 

5.51 

2396.01 

1 


4/95 

32.57 


NA 

4.62 

NA 

2 

MW-155 

1/92 

9 

4-9 

NA 

NA 

2395.08 

1 


3/92 

NA 


2402.37 

5.98 

2396.39 

1 


4/95 

11.35 


NA 

4.52 

NA 

2 

MW-156 

1/92 

39.3 

29-39 

NA 

NA 

2395.38 

1 


3/92 

NA 


2405.35 

8.07 

2397.28 

1 


4/95 

41.7 


NA 

5.85 

NA 

2 

MW-157 

1/92 

36 

26-36 

NA 

NA 

2394.96 

1 


3/92 

NA 


2401.71 

5.24 

2396.47 

1 


4/92 

NA 


2401.71 

5.24 

2396.47 

1 

MW-158 

4/92 

89.5 

78.2-88.2 

NA 

NA 

2396.44 

1 


3/92 

NA 


2401.02 

4.58 

2396.44 

1 

MW-159 

4/92 

230 

180-190 

NA 

NA 

2223.2 

1 


3/92 

NA 


2401.32 

178.12 

2223.2 

1 

MW-160 

1/92 

40 

17-27 

NA 

NA 

2395.04 

1 


3/92 

NA 


2401.57 

5.11 

2396.46 

1 

MW-161 

1/92 

42 

32-41.6 

NA 

NA 

2394.02 

1 


3/92 

NA 


2400.84 

4.07 

2396.77 

1 

MW-162 

1/92 

39 

29-39 

NA 

NA 

2394.35 

1 


3/92 

NA 


2401.49 

5.14 

2396.35 

1 

MW-163 

1/92 

180.7 

170.7-180.7 

NA 

NA 

2225.62 

1 


3/92 

NA 


2401.49 

175.87 

2225.62 

1 


Note: Additional groundwater elevation data can be found in Appendix M of RI report (HNUS, 1993a). 


Feet bgs = feet below ground surface. 
b/ Feet msl — feet above mean sea level. 

c/ Sources: 

1. HNUS, 1993a. 

2. ES&T and MWA, 1995. 

d/ NA = Information not available. 
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that groundwater in the unconsolidated deposits and the shallow bedrock is not in 
communication with groundwater in deeper regions of the bedrock. Generally, 
however, groundwater in the unconsolidated deposits and the shallow bedrock appears 
to be in hydraulic communication, with indications of a small downward hydraulic 
gradient. 

Pumping tests were performed in the unconsolidated material monitoring wells MW- 
1 and MW-155, both of which are screened across gravely sand deposits. Drawdown 
was not observed during either test in the nearest observation wells MW-3 and MW- 
153, located approximately 170 feet and 187 feet from their respective pumping wells 
(Figure 2.5). A semilog analysis was used to estimate the hydraulic conductivities and 
transmissivities for the pumping tests performed at MW-1 and MW-155 (Theis, 1935). 
The hydraulic conductivities calculated from the pump test data are 418 feet per day 
(ft/day) at MW-1 and 37 ft/day at MW-155. Transmissivities were calculated at 2,410 
square feet per day (ft 2 /day) and 214 ft 2 /day at wells MW-1 and MW-155, respectively 
(HNUS, 1993a). An additional pumping test was performed in the shallow bedrock 
well, MW-157. Drawdown was observed in wells MW-160 and MW-161 
approximately 40 and 48 feet away from MW-157 (see Figure 2.5). The average 
hydraulic conductivity and average transmissivity calculated from drawdown data 
collected from the observation wells are 0.8 ft/day and 21.8 ft 2 /day, respectively. 
Pumping tests could not be performed in the deeper regions of the upper basalt flow 
because sufficient pumping rates could not be sustained in installed pumping wells 
(HNUS, 1993a). 

2.1.3 Summary of Analytical Data for FT-1 
2.1.3.1 Soil Sampling and Analytical Results 

Historical soil sampling data are available for sampling events that took place in 
1986, 1988, 1990, and 1994. In 1986, six soil samples were collected from boreholes 
B-l through B-3 installed at FT-1. Two years later, 20 additional soil samples were 
collected during the installation of monitoring wells MW-49 through MW-53 and 
boreholes BH-1 through BH-5. In 1990, 33 additional soil samples were collected 
from 20 additional soil boreholes, 001 through 020. In 1994, ES (1994b) collected 
seven soil samples during the installation of four vapor monitoring point (VMPs) at 
FT-1 (Figure 2.9). At a minimum, soil samples collected during these sampling events 
were analyzed for BTEX, trichloroethene (TCE), cw-1,2-dichloroethene (cDCE), 
trans- 1,2-dichloroethene (tDCE), vinyl chloride (VC), and total petroleum hydrocarbon 
(TPH) data. The ROD specifies that benzene is the primary contaminant of concern at 
the site (HNUS, 1993b); however, BTEX, TPH, and TCE-related contaminants are all 
of interest for the intrinsic remediation demonstration for shallow groundwater 
underlying FT-1. Soil samples collected during previous investigations were analyzed 
for additional contaminants; however, results reported for additional contaminants are 
not of primary importance for completion of this TS and are not summarized in this 
work plan. Table 2.3 summarizes BTEX and TPH results for all soil samples collected 
during these sampling efforts. CAH contamination has not been detected in site soils 
(ES, 1994b); therefore, results are not reported in Table 2.3. The approximate extent 
of soil BTEX and TPH contamination and the locations of all soil samples collected at 
FT-1 are shown in Figure 2.9. Isoconcentration lines have not been added 
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TABLE 2.3 

/[MARY OF SOIL ANALYTICAL DATA 
SITE FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 
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to Figure 2.9 because active in situ remedial efforts are currently treating these soils, 
and current soil data are not available. 

The greatest BTEX and TPH contamination was detected in soil samples collected 
from the bum pit and the area south of the bum pit (Table 2.3). At FT-1, the highest 
soil concentrations of BTEX and TPH were detected in 1986 in borehole B-3 installed 
in the southern portion of the bum pit (Figure 2.9). The highest BTEX concentrations 
in the 1990 soil sampling effort were detected in the 4- to 6-foot bgs sample collected 
from borehole 010, south of the bum pit (HNUS, 1993a). BTEX and TPH also were 
detected in soil samples collected from the VMPs installed during the bioventing pilot 
test and located approximately 15 feet south of the bum pit (ES, 1994b). 

A secondary region of soil contamination has been identified east of the bum pit. 
Samples collected in 1986 from soil boreholes B-l and B-2, located approximately 200 
and 250 feet east of the bum pit, respectively, had elevated BTEX concentrations 
(Table 2.3). A soil sample collected in 1988 from soil borehole BH-1, located 
approximately 400 feet east of the bum pit, also had elevated concentrations of soil 
contamination. Each of these boreholes is located immediately downstream and 
downgradient from the effluent outfall from the oil/water separator (Figure 2.9). 
Additionally, BTEX and TPH were detected in one composite sample collected from 
019 along the eastern edge of the bum pit upgradient from the oil/water separator and 
in samples from 101 southwest of the pit, and 014 and 015 to the east along the ditch. 
In summary soil contamination at FT-1 has been identified along the southern and 
eastern edges of the bum pit and east of the oil/water separator. 

2.1.3.2 Groundwater Sampling and Analytical Results 

A total of 40 monitoring wells have been installed in the vicinity of FT-1. In 1988, 
five monitoring wells (MW-49, MW-50, MW-51, MW-52, and MW-53) were installed 
at FT-1. In 1991, 16 additional monitoring wells (MW-148 through MW-163) were 
installed at FT-1 (HNUS, 1993a). Although numerical well numbers suggest the 
sequence of installation of monitoring wells at FT-1, exact dates of installation and 
other construction details for the remaining 17 wells were not presented in previous 
reports reviewed during the development of this work plan. 

Groundwater quality data reviewed during development of this work plan were 
collected during sampling events performed at FT-1 in 1986, 1987, 1989 (two sampling 
events), 1990, 1991 (three sampling events), 1993, and 1995. Concentrations of VOCs 
and TPH were measured in groundwater samples collected during all sampling events. 
Other analytical data collected during previous sampling events including total 
dissolved solids, total suspended solids, chemical oxygen demand, biological oxygen 
demand, total organic carbon (TOC), ammonia, common anions, and nitrate/nitrite 
data, will be useful for evaluating intrinsic remediation at FT-1, and efforts will be 
made to obtain this data (HNUS, 1993a). However, only analytical data for BTEX, 
TPH, TCE, and TCE breakdown products were available for inclusion in this work 
plan. Concentrations of dissolved BTEX, TPH, TCE, and TCE breakdown products 
measured in groundwater samples collected during previous investigations are 
summarized in Table 2.4. Benzene and total BTEX concentrations detected in 
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RY OF GROUNDWATER ANALYTICAL DATA 
SITE FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 
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TABLE 2.4 (Continued) 

RY OF GROUNDWATER ANALYTICAL DATA 
SITE FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 
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TABLE 2.4 (Continued) 

RY OF GROUNDWATER ANALYTICAL DATA 
SITE FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 
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TABLE 2.4 (Continued) 

RY OF GROUNDWATER ANALYTICAL DATA 
SITE FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 
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TABLE 2.4 (Concluded) 

RY OF GROUNDWATER ANALYTICAL DATA 
SITE FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 
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groundwater samples collected during the most recent 1995 sampling effort are 
presented in Figure 2.10. TCE and TCE-breakdown product detected during the 1995 
sampling effort are presented in Figure 2.11. 

Dissolved BTEX have repeatedly been identified in groundwater samples from 
shallow wells in the unconsolidated deposits southeast of the bum pit. Dissolved BTEX 
concentrations also have been detected at low concentrations in some bedrock wells 
southeast of the bum pit. Dissolved BTEX have not been detected in other regions of 
the site. Neither shallow nor bedrock wells are located within 100 feet of the bum pit. 
Comparison of BTEX groundwater data collected at FT-1 suggests that BTEX 
concentrations downgradient of the bum pit have increased with time. This trend is 
observed in groundwater results from monitoring wells MW-3 and MW-152. In 1995, 
a slight decline in the BTEX concentrations was observed at MW-3, the well closer to 
the bum pit. This decline may be the direct result of on-going bioventing and air 
sparging pilot tests, which were initiated in 1994, or it may be a statistical anomaly. 
Additional dissolved BTEX data are needed to fiilly characterize the areal extent of 
dissolved BTEX contamination and in order to more thoroughly understand the 
dynamics of the dissolved BTEX plume downgradient from the bum pit. 

Low concentrations of TCE and related breakdown products have been detected 
consistently in three areas at the site: near the bum pit, along the eastern boundary of 
the Base near MW-50 and MW-100, and near the southern boundary of the Base near 
MW-51 (Figure 2.11 and Table 2.4). Concentrations of TCE and breakdown products 
measured throughout the site are relatively constant and low, equal to or less than 5 
|ig/L. In the other regions of the site, the concentrations of TCE and breakdown 
products appear to be decreasing over time. TCE contamination also has been detected 
up to 1 mile downgradient from the site in surrounding residential wells, but all 
detected concentrations of TCE in groundwater samples collected from residential wells 
located immediately east-southeast of the site are below 1 pg/L, as shown on Figure 
2.12. (HNUS, 1993a). 

2.2 DEVELOPMENT OF CONCEPTUAL SITE MODEL 

A CSM is a three-dimensional representation of a site’s hydrogeologic system based 
on available geological, hydrological, climatological, and geochemical data. A CSM is 
developed to provide an understanding of the mechanisms controlling contaminant fate 
and transport and to identify additional data requirements. The model describes known 
and suspected sources of contamination, types of contamination, affected media, and 
contaminant migration pathways. The model also provides a foundation for 
formulating decisions regarding additional data collection activities and potential 
remedial actions. The CSM for FT-1 will be used to aid in selecting additional data 
collection points and to identify appropriate data needs for modeling and hydrocarbon 
degradation using groundwater flow and solute transport models. 

Successful conceptual model development involves: 

• Defining the problem to be solved; 
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• Integrating available data, including 

- Local geologic and topographic data, 

- Hydraulic data, 

- Site stratigraphic data, 

- Contaminant concentration and distribution data; 

• Evaluating contaminant fate and transport characteristics; 

• Identifying contaminant migration pathways; 

• Identifying potential receptors and receptor exposure points; and 

• Determining additional data requirements. 

2.2.1 Intrinsic Remediation and Groundwater Flow and Solute Transport Models 

After a site has been adequately characterized, fate and transport analyses can be 
performed to determine the potential for contaminant migration and whether any 
pathway for exposure of human or ecological receptors to site contaminants is complete 
or may be completed in the future. Groundwater flow and solute transport models have 
proven useful for predicting BTEX plume migration and contaminant attenuation by 
natural biodegradation. Analytical solute transport models and the Bioplume II 
numerical model (Rifai et al , 1988) can be used to evaluate critical groundwater fate 
and transport processes that may be involved in some of the migration pathways to 
human and ecological receptors. Quantitative fate and transport analyses can be used to 
determine what level and extent of remediation is required. Where remedial systems 
are in place or are in development (such as at FT-1), assumptions on the effectiveness 
of these systems at reducing source and mass, reducing dissolved contaminant 
concentrations in the groundwater, or increasing the availability of electron acceptors 
can also be included in the models. 

An accurate estimate of the potential for natural biodegradation of BTEX and CAH 
compounds in groundwater is important to consider when determining whether fuel 
hydrocarbon or chlorinated solvent contamination presents a substantial threat to human 
health or the environment, and when designing a cost-effective remedial system capable 
of eliminating or abating these threats. Over the past two decades, numerous 
laboratory and field studies have demonstrated that subsurface microorganisms can 
degrade a variety of hydrocarbons (Lee, 1988). This process occurs naturally when 
sufficient oxygen (or other electron acceptors) and nutrients are available in the 
groundwater. The rate of natural biodegradation is generally limited by the lack of 
oxygen (or other electron acceptors) rather than by the lack of nutrients such as 
nitrogen or phosphorus. The supply of oxygen to unsaturated soil is constantly 
renewed by the vertical diffusion from the atmosphere. The natural biodegradation of 
CAHs occurs through the process of cometabolism in which enzymes or cofactors 
produced during the degradation of organic materials in the aquifer serve as catalysts in 
the degradation of CAHs. Norris et al. (1994) documents theory and research related 
to the cometabolism of CAH compounds. 
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2.2.2 Biodegradation of Dissolved BTEX Contamination 

The positive effect of natural attenuation processes (e.g., advection, dispersion, 
sorption, and biodegradation) on reducing the actual mass of contamination dissolved in 
groundwater has been termed intrinsic remediation. Intrinsic remediation is 
advantageous for the following reasons: 

• Contaminants are transformed to innocuous byproducts (e.g., carbon dioxide and 
water), not just transferred to another phase or location within the environment; 

• Current pump-and-treat technologies are energy-intensive and generally not as 
effective in reducing residual contamination; 

• The process is nonintrusive and allows continuing use of infrastructure during 
remediation; 

• Current engineered remedial technologies may pose a greater risk to potential 
receptors than intrinsic remediation because contaminants may be transferred into 
the atmosphere during remediation activities; and 

• Intrinsic remediation is far less costly than conventional, engineered remedial 
technologies. 

To estimate the impact of natural attenuation on the fate and transport of BTEX 
compounds dissolved in groundwater at a site, two important lines of evidence must be 
demonstrated (Wiedemeier et al., 1995). The first is a documented loss of 
contaminants at the field scale. To supplement evidence provided by historical site 
data, dissolved concentrations of biologically recalcitrant tracers found in most fuel 
contamination are used in conjunction with aquifer hydrogeologic parameters, such as 
groundwater seepage velocity and dilution, to demonstrate that a reduction in 
contaminant mass is occurring at the site. The second line of evidence involves the use 
of chemical analytical data in mass balance calculations to show that areas with BTEX 
contamination can be correlated to areas with depleted electron acceptor (e.g., oxygen, 
nitrate, and sulfate) concentrations and increases in metabolic fuel degradation 
byproduct concentrations (e.g., methane and ferrous iron). With this site-specific 
information, groundwater flow and solute transport models can be used to simulate the 
fate and transport of dissolved BTEX compounds under the influence of natural 
attenuation. 

To estimate the impact of cometabolism on the fate and transport of CAH 
compounds dissolved in groundwater at a site, two lines of evidence analogous to the 
BTEX evidence will be investigated. Once again, the first is documented loss of 
contaminants at the field scale and involves interpretations of historical data and the use 
of conservative tracers. The second line of evidence involves the use of chemical 
analytical data to demonstrate the transformation of the source solvent to daughter 
products and subsequent degradation to innocuous end products. 

Analytical and numerical models are available for modeling the fate and transport of 
fuel hydrocarbons under the influence of advection, dispersion, sorption, and natural 
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aerobic and anaerobic biodegradation. Analytical models may be used in conjunction 
with the Bioplume II numerical model, as appropriate or to simulate fate and transport 
of CAH compounds. The Bioplume II numerical model is based upon the USGS two- 
dimensional (2-D) solute transport model, which has been modified to include a 
biodegradation component that is activated by a superimposed plume of dissolved 
oxygen. Bioplume II solves the USGS 2-D solute equation twice, once for 
hydrocarbon concentrations in the groundwater and once for a dissolved oxygen plume. 
The two plumes are then combined using superimposition at every particle move to 
simulate biological reactions between fuel products and oxygen. As appropriate, 
biodegradation of contaminants by anaerobic processes is simulated using a first-order 
anaerobic decay rate. 

The analytical solute transport models are derived from advection-dispersion 
equations given by Wexler (1992) and van Genuchten and Alves (1982). These models 
provide exact, closed-form solutions and are appropriately used for relatively simple 
hydrogeologic systems that are homogeneous and isotropic. Each model is capable of 
simulating advection, dispersion, sorption, and biodegradation (or any first-order decay 
process). These models can simulate continuous or decaying sources. A continuous- 
source model is useful for determination of the worst-case distribution of the dissolved 
contaminant plume. A decaying-source model is useful for simulating source removal 
scenarios, including natural weathering processes and engineered solutions. 

2.2.3 Initial Conceptual Site Model 

Site FT-1 geologic data were previously integrated to produce two geologic cross- 
sections of the site. Cross sections A - A’ and B - B’ (Figures 2.6 and 2.7) show the 
dominant hydrostratigraphic units present at the site and the elevation of the water 
table. Figure 2.8 is a groundwater surface map prepared using October 1992 
groundwater elevation data (HNUS, 1993a). 

The surface of the groundwater table is present at approximately 4 to 6 feet bgs in 
unconsolidated deposits which are primarily sand and gravel glacial deposits in the 
vicinity of the site. Groundwater also occurs in shallow bedrock, which is present at 9 
to 30 feet bgs. Groundwater flow in the unconsolidated material is east-southeast, with 
an average gradient of 0.002 ft/ft that steepens near the source area and just beyond the 
Base boundary to approximately 0.007 ft/ft. On the basis of the available data, Parsons 
ES will model the site as an unconfined, fine- to coarse-grained sand and gravel 
aquifer. This CSM will be modified as necessary as additional site hydrogeologic data 
become available. 

Mobile LNAPL has not been identified at FT-1. However, if it is encountered, it 
may be necessary to use the fuel/water partitioning models of Bruce et al. (1991) or 
Cline et al. (1991) to provide a conservative source term to model the partitioning of 
BTEX compounds from the free-product phase into the groundwater. In order to use 
one of these models, samples of product will be collected and analyzed for mass 
fraction of BTEX compounds. If LNAPL is present, Parsons ES will attempt to collect 
groundwater samples from immediately below the LNAPL layer, if possible. 
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The site-specific remedial goal for FT-1, as specified in the ROD is to remediate 
groundwater until benzene concentrations below 5 pg/L are attained across the site 
(HNUS, 1993b). However, the synergistic effects of all of the BTEX compounds on 
attenuation rates make site data on all of the BTEX compounds important. 
Additionally, TCE and the associated breakdown products have been indicated to be 
chemicals of potential concern at the site (HNUS, 1993b). All of the BTEX 
compounds, TCE, and the daughter products of TCE (CDCE, tDCE, and VC) will be 
the focus of this intrinsic remediation study because of their regulatory importance. 
Analytical groundwater flow and solute transport models will be used to simulate the 
migration and degradation of the chemicals of concern at FT-1 and will be used to 
predict the concentration and extent of the groundwater contaminant plume over time. 

The BTEX compounds at the site are expected to leach from contaminated soil, 
which is known to contain fuel residuals (Table 2.3), into the groundwater and migrate 
with the dissolved CAH compounds downgradient as a dissolved contaminant plume. 
It is suspected that CAH compounds may be present in the groundwater as the result of 
an upgradient source because they have been detected in groundwater samples from 
upgradient wells and have not been detected in site soil samples. In addition to the 
effects of mass transport mechanisms (volatilization, dispersion, diffusion, and 
adsorption), these dissolved contaminants will likely be removed from the groundwater 
system by naturally occurring destructive attenuation mechanisms, such as 
biodegradation or biologically induced cometabolism. The effects of these transport 
and fate processes on the dissolved groundwater plume will be investigated using the 
quantitative groundwater analytical data and groundwater flow and solute transport 
models. Data collection and analysis requirements are discussed in Section 3 of this 
work plan. 

2.2.4 Potential Groundwater Pathways and Receptors 

Potential preferential contaminant migration pathways such as groundwater 
discharge points and subsurface utility corridors (artificial conduits) will be identified 
during the field work phase of this project. The primary potential migration path for 
BTEX contamination at FT-1 results from the leaching of residual fuels from 
contaminated site soils into the groundwater. Dissolved concentrations of BTEX and 
CAHs can be transported with migrating groundwater to potential receptors, who could 
be exposed via ingestion or incidental contact. There are residential water wells located 
within one-half mile downgradient from the site. Base drinking water does not come 
from wells located near or downgradient from FT-1. 
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SECTION 3 

COLLECTION OF ADDITIONAL DATA 


To complete the TS and to demonstrate that intrinsic remediation of fuel-related 
contaminants and chlorinated solvents is occurring, additional site-specific 
hydrogeologic data will be collected. The physical and chemical hydrogeologic 
parameters listed below will be determined during the field work phase of the TS. 

Physical hydrogeologic characteristics to be determined include: 

• Depth from measurement datum to the groundwater surface in site 
monitoring wells; 

• Locations of potential groundwater preferential flow pathways and 
recharge and discharge areas; 

• Locations of downgradient wells and their uses; 

• Hydraulic conductivity through slug tests, as required; 

• Estimate of dispersivity, where possible; 

• Stratigraphic analysis of subsurface media; 

• Groundwater temperature; and 

• Determination of extent and thickness of mobile and residual LNAPL (if 
present). 

Chemical hydrogeologic characteristics to be determined include: 

• Dissolved oxygen concentrations; 

• Specific conductance; 

• pH; 

• Chemical analysis of any mobile LNAPL (if present) to determine mass fraction 
of BTEX; and 

• Additional chemical analysis of groundwater and soil for the parameters 
listed in Table 3.1. 
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TABLE 3 1 

ANALYTICAL PROTOCOL FOR 
GROUNDWATER, SOIL, AND PRODUCT SAMPLES 
FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 


MATRIX 

Analyte 

METHOD 

FIELD (F) OR 
FIXED-BASE 
LABORATORY (L) 

WATER 

Total Iron 

Colorimetric, HACH Method 8008 

F 

Ferrous Iron (Fe 2+ ) 

Colorimetric, HACH Method 8146 

F 

Ferric Iron (Fe^) 

Difference between total and ferrous iron 

F 

Manganese 

Colorimetric, HACH Method 8034 

F 

Sulfate 

Colorimetric, HACH Method 8051 

F 

Nitrate 

Titrimetric, HACH Method 8039 

F 

Nitrite 

Titrimetric, HACH Method 8507 

F 

Redox Potential 

A2580B, direct reading meter 

F 

Oxygen 

Direct reading meter 

F 

PH 

E150.1/SW9040, direct reading meter 

F 

Conductivity 

E120.1/SW9050, direct reading meter 

F 

Temperature 

El70.1, direct reading meter 

F 

Carbon Dioxide 

Titrimetric, HACH Method 1436-01 

F 

Alkalinity (Carbonate [C 03 2 ‘] 

Titrimetric, HACH Method 8221 

F 

and Bicarbonate [HC03- ]) 

EPA method 310.1 

L 

Nitrate + Nitrite 

EPA Method 353.1 

L 

Chloride 

Waters Capillary Electrophoresis Method N-601 

L 

Sulfate 

Waters Capillary Electrophoresis Method N-601 

L 

Methane, Ethane, Ethene 

RSKSOP-147 

L 

Dissolved Organic Carbon 

RSKSOP-102 

L 

Aromatic Hydrocarbons 

RSKSOP-133 

L 

Fuel Carbon 

RSKSOP-133 

L 

Chlorinated Solvents 

RSKSOP-146 


SOIL 

Total Organic Carbon 

RSKSOP-102 & RSKSOP-120 

L 

Moisture 

ASTM D-2216 

L 

Aromatic Hydrocarbons 

RSKSOP-124, modified 

L 

Total Hydrocarbons 

RSKSOP-174 

L 

Chlorinated Solvents 

RSKSOP-146 


FREE PRODUCT 

BTEX Mass Fraction 

GC/MS, Direct Injection 

L 
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In order to obtain these data, soil, groundwater, and, if present, free product 
samples will be collected and analyzed. The following sections describe the procedures 
that will be followed when collecting additional site-specific data. Soil sampling and 
monitoring point installation will be accomplished using the Geoprobe® system as 
described in Sections 3.1 and 3.2. Soil core sample collection procedures are described 
in Section 3.1. Monitoring point installation procedures are described in Section 3.2. 
Groundwater sampling procedures for monitoring wells and newly installed 
groundwater monitoring points are described in Section 3.3. Measurement procedures 
for aquifer parameters (e.g., hydraulic conductivity) are described in Section 3.4. 

3.1 SOIL SAMPLING 

The following sections describe sampling locations, sample collection techniques, 
equipment decontamination procedures, site restoration, and management of 
investigation-derived waste materials. 

3.1.1 Soil Sample Locations and Required Analyses 

Soil samples will be collected at all Geoprobe® and monitoring point installation 
locations. Figure 3.1 identifies four proposed locations for soil sample collection at 
FT-1. Table 3.1 presents an analytical protocol for soil samples, and Appendix A 
contains detailed information on the analyses and methods to be used during this 
sampling effort. 

A minimum of two samples will be collected from each Geoprobe® hole location. 
One sample will be taken at the water table, and one will be taken at the depth of 
maximum BTEX contamination as determined by soil headspace screening. Sampling 
locations include the suspected source areas on the northern and southern edges of the 
bum pit, upgradient from the bum pit mid way between the bum pit and the concrete 
slab, and 150 feet downgradient from the bum pit just west of the oil/water separator. 
Additional samples will be collected at the discretion of the Parsons ES field scientist. 

A portion of each sample will be used to measure soil headspace, and another 
portion of selected samples will be delivered to the USEPA mobile laboratory for 
analytical analysis. Each laboratory soil sample will be placed in an analyte- 
appropriate sample container and hand-delivered to USEPA field personnel for analysis 
of total hydrocarbons, aromatic hydrocarbons, and moisture content using the 
procedures presented in Table 3.1. In addition, at least two samples will be analyzed 
for TOC from locations upgradient, crossgradient, or far downgradient from the 
contaminant source. Each headspace screening sample will be placed in a sealed plastic 
bag or mason jar and allowed to sit for at least 5 minutes. VOCs in soil headspace will 
then be determined using an organic vapor meter (OVM), and the results will be 
recorded in the field records by the Parsons ES field scientist. 

3.1.2 Sample Collection Using the Geoprobe® System 

Soil samples will be collected using a Geoprobe® system, a hydraulically powered 
percussion/probing machine capable of advancing sampling tools through 


3-3 

022/722450/FC WP/13 .WW6 




MW-148. MW-149 _ WASTEWATER 

* ® LAGOON 



LEGEND 


« SHALLOW MONITORING WELL 

e SHALLOW BEDROCK MONITORING WELL 

• DEEP BEDROCK MONITORING WELL 

O MONITORING WELL 

(SCREENED INTERVAL UNKNOWN) 

A PROPOSED GEOPROBE® SAMPLING LOCATION 

□ PROPOSED SHALLOW MONITORING POINT LOCATION 

B PROPOSED DEEP MONITORING POINT LOCATION 

■ PROPOSED MONITORING POINT CLUSTER LOCATION 

+ OPTIONAL MONITORING POINT LOCATION 


T 

0 100 200 _400 

FEET 

FIGURE 3.1 


PROPOSED SOIL SAMPLING 
AND MONITORING POINT 
LOCATIONS 


+■ OPTIONAL MONITORING POINT CLUSTER LOCATION 

♦ ^ EXTENT OF WETLANDS 

I CONFINED-SPACE FIRE TRAINING FACILITY 


Site FT-1 

Intrinsic Remediation TS 
Fairchild AFB, Washington 

5)1 PARSONS 

■_J ENGINEERING SCIENCE, INC. 

Denver, Colorado 


95DN1446, 10/11/95 @ 09:50 


3 











unconsolidated soils. This system allows the rapid collection of soil, soil gas, and 
groundwater samples at shallow depths while minimizing the generation of 
investigation-derived waste materials. Figure 3.2 is a diagram of the Geoprobe® 
system. 

Soil samples will be collected using a probe-drive sampler. The probe-drive sampler 
serves as both the driving point and the sample collection device and is attached to the 
leading end of the probe rods. To collect a soil sample, the sampler is pushed or 
driven to the desired sampling depth, the drive point is retracted to open the sampling 
barrel, and the sampler is subsequently pushed into the undisturbed soils. The soil 
cores are retained within brass, stainless steel, or clear acetate liners inside the 
sampling barrel. The probe rods are then retracted, bringing the sampling device to the 
surface. The soil sample can then be extruded from the liners for lithologic logging, or 
the liners can be capped, and undisturbed samples can be submitted to the analytical 
laboratory for testing. 

If the probe-drive sampling techniques described above are inappropriate, 
inadequate, or unable to efficiently provide sufficient soil samples for the 
characterization of the site, continuous soil samples will be obtained from conventional 
soil boreholes using a hand auger or similar method judged acceptable by the Parsons 
ES field scientist. Procedures will be modified, if necessary, to ensure good sample 
recovery. 

The Parsons ES field scientist will be responsible for observing all field investigation 
activities, maintaining a detailed descriptive log of all subsurface materials recovered 
during soil coring, photographing representative samples, and properly labeling and 
storing samples. An example of the proposed geologic log form is presented in Figure 
3.3. The descriptive log will contain: 

• Sample interval (top and bottom depth); 

• Sample recovery; 

• Presence or absence of contamination; 

• Lithologic description, including relative density, color, major textural 
constituents, minor constituents, porosity, relative moisture content, plasticity of 
fines, cohesiveness, grain size, structure or stratification, relative permeability, 
and any other significant observations; and 

• Depths of lithologic contacts and/or significant textural changes measured and 
recorded to the nearest 0.1 foot. 

Base personnel will be responsible for identifying the location of all utility lines, 
USTs, fuel lines, or any other underground infrastructure prior to any sampling 
activities. All necessary digging permits will be obtained by Base personnel prior to 
mobilizing to the field. Base personnel will also be responsible for acquiring drilling 
and monitoring point installation permits for the proposed locations. Parsons ES will 
be responsible for providing trained operators for the Geoprobe®. 
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3.1.3 Datum Survey 

The horizontal location of all soil sampling locations relative to established Base 
coordinates will be measured by a surveyor. Horizontal coordinates will be measured 
to the nearest 0.1 foot. The elevation of the ground surface also will be measured to 
the nearest 0.1 foot relative to USGS msl data. 

3.1.4 Site Restoration 

After sampling is complete, each sampling location that is not converted to use as a 
groundwater monitoring point will be restored as closely to its original condition as 
possible. Holes created by the Geoprobe® in sandy soils similar to those found at the 
Base tend to cave in soon after extraction of the drive sampler. However, any test 
holes remaining open after extraction of the probe-drive will be sealed with hydrated 
bentonite chips, pellets, or grout to eliminate any creation or enhancement of 
contaminant migration pathways to the groundwater. Soil sampling using the 
Geoprobe® creates low volumes of soil waste. Soil not used for sampling will be 
placed in 55-gallon drums, labeled, and transported to a Base-designated holding 
location while disposal is being arranged. 

3.1.5 Equipment Decontamination Procedures 

Prior to arriving at the site, and between each sampling location, probe rods, tips, 
sleeves, pushrods, samplers, tools, and other downhole equipment will be 
decontaminated using a high-pressure, steam/hot water wash or Alconox® wash with a 
potable water rinse. Between each soil sample, the sampling barrel will be 
disassembled and decontaminated with Alconox® and potable water. The barrel then 
will be rinsed with deionized water and reassembled with new liners. Between uses, 
the sampling barrel will be wrapped in clean plastic or foil to prevent contamination. 
Only potable water will be used for decontamination. 

All rinseate will be collected in 55-gallon drums. Filled 55-gallon drums will be 
labeled and transported to a Base-designated holding location while disposal is being 
arranged. The Base will be responsible for signing required waste shipping and 
disposal manifests. 

Potable water to be used during equipment cleaning, decontamination, or grouting 
will be obtained from one of the Base water supplies. Water use approval will be 
verified by contacting the appropriate facility personnel. The field scientist will make 
the final determination as to the suitability of site water for these activities. Precautions 
will be taken to minimize any impact to the surrounding area that might result from 
decontamination operations. 

3.2 MONITORING POINT INSTALLATION 

To further characterize site hydrogeologic conditions, approximately 16 groundwater 
monitoring points will be installed at FT-1 to supplement the site monitoring wells. 
The following sections describe the proposed monitoring point locations and completion 
intervals, monitoring point installation, monitoring point development, and equipment 
decontamination procedures. 


3-8 


022/722450/FCWP/13. WW6 



3.2.1 Monitoring Point Locations and Completion Intervals 

The locations of 16 proposed groundwater monitoring points at FT-1 are identified 
on Figure 3.1. The proposed locations for the new monitoring points were determined 
from a review of data gathered during previous site activities. Monitoring point 
locations were selected to provide hydrogeologic data necessary for successful 
implementation of the Bioplume II model and to monitor potential fuel hydrocarbon 
migration from the site. Monitoring point locations were selected to define four aspects 
of the site: 1) the magnitude of the dissolved BTEX concentrations within suspected 
source areas, 2) the extent of contamination, 3) the horizontal distribution of dissolved 
BTEX, and 4) the hydrogeology and groundwater flow direction at the site. The 
proposed locations shown on Figure 3.1 may be modified in the field as a result of 
encountered field conditions and acquired field data. 

Eight monitoring points will be installed within the extent of the gravel pad 
surrounding the suspected source area. One monitoring point cluster will be installed 
in the southeastern comer of the bum pit. Another monitoring point cluster will be 
installed approximately 100 feet downgradient of the bum pit. A third monitoring 
point cluster will be installed roughly 100 feet upgradient of the bum pit to verify the 
upgradient limit of contamination. Shallow monitoring points also will be installed 
approximately 100 feet north and 100 feet south of the bum pit to investigate the lateral 
extent of contamination to the north and south. The sampling locations are necessary 
because groundwater in the unconsolidated deposits underlying the gravel pad has not 
been characterized in previous investigations and is suspected to have elevated 
concentrations of dissolved BTEX and possibly solvents. 

Two deep monitoring points will be installed in the unconsolidated deposits just 
beyond the downgradient edge of the gravel pad. These deep points will be placed near 
shallow monitoring wells MW-3 and MW-152 and will aid in determining the vertical 
extent of contamination in the unconsolidated material immediately downgradient from 
the suspected source area. Additionally, six shallow monitoring points will be installed 
downgradient from the gravel pad and at the top of the saturated zone to fully delineate 
the downgradient extent of contamination and to more accurately characterize the 
plume downgradient from the gravel pad. Shallow monitoring points will be installed 
near MW-151, MW-227, MW-226, 150 feet southwest of MW-155, 150 feet north of 
MW-151, and 250 feet southeast of MW-154. These shallow points will be used to 
complement existing monitoring well locations for the purpose of full plume 
delineation. Additional monitoring points and/or the exact placement of monitoring 
points may be modified by the field scientist as additional site information becomes 
available. 

Each shallow monitoring point will have a screened interval of approximately 3 feet 
placed near the top of the saturated zone in the unconsolidated deposits. Deep 
monitoring points will be placed in these deposits immediately above the bedrock 
basalt. The exact depth and location of monitoring points will be determined by the 
Parsons ES field scientist on the basis of site conditions. The proposed screened 
intervals of approximately 3 feet or less will help mitigate the dilution of water samples 
from potential vertical mixing of contaminated and uncontaminated groundwater in the 
monitoring point casing. Adjustments of the depth and length of the screened interval 
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of the monitoring points may be necessary in response to actual aquifer conditions and 
contaminant distribution identified during Geoprobe® testing. 

3.2.2 Monitoring Point Installation Procedures 

3.2.2.1 Pre-Placement Activities 

All necessary digging, coring, and drilling permits will be obtained prior to 
mobilizing to the field. In addition, all utility lines will be located, and proposed 
Geoprobe® locations will be cleared prior to any intrusive activities. Responsibilities 
for these permits and clearances are discussed in Section 3.1.1. 

Water to be used in monitoring point installation and equipment cleaning will be 
obtained from one of the Base water supplies. Water use approval will be verified by 
contacting the appropriate facility personnel. The field scientist will make the final 
determination as to the suitability of site water for these activities. 

3.2.2.2 Monitoring Point Materials Decontamination 

Monitoring point installation and completion materials will be inspected by the field 
scientist and determined to be clean and acceptable prior to use. If not factory sealed, 
the well points and tubing will be cleaned prior to use with a high-pressure, steam/hot- 
water cleaner using approved water. Materials that cannot be cleaned to the satisfaction 
of the field scientist will not be used. 

3.2.2.3 Installation and Materials 

This section describes the procedures to be used for installation of monitoring points. 
Monitoring points will be installed using either 0.375-inch Teflon® tubing connected to 
a 0.5-inch-diameter stainless steel screen or a 0.5-inch inside-diameter (ID)/0.75-inch 
outside-diameter (OD) polyvinyl chloride (PVC) screen and casing. 

If subsurface conditions permit, shallow monitoring points will be constructed of 
0.75-inch OD-/0.5-inch-ID PVC casing and well screen to provide additional water 
level information. Approximately 3 feet of factory-slotted screen will be installed for 
each shallow monitoring point. Effective installation of the shallow monitoring points 
requires that the boreholes remain open upon completion of drilling. Shallow 0.5-inch- 
ID PVC monitoring points will be installed by punching and sampling a borehole with 
the Geoprobe®. Upon removing the rods, the borehole depth will be measured to 
determine if the hole remains open. If the borehole remains open, the 0.5-inch-ID 
PVC casing and screen will be placed at the appropriate depths. The annular space 
around the screen will be filled with sand filter pack, and the annulus around the casing 
will be filled with grout or bentonite. Monitoring point construction details will be 
noted on a Monitoring Point Installation Record form (Figure 3.4). This information 
will become part of the permanent field record for the site. 

Monitoring point screens will be constructed of flush-threaded, Schedule 40 PVC 
with an ID of 0.5 inch. The screens will be factory slotted with 0.01-inch openings. 
Shallow monitoring point screens will be placed to sample and provide water level 
information at or near the water table. Blank monitoring point casing will be 
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constructed of Schedule 40 PVC with an ID of 0.5 inch. All monitoring point casing 
sections will be flush-threaded; joints will not be glued. The casing at each monitoring 
point will be fitted with a bottom cap and a top cap constructed of PVC. 

If subsurface conditions do not permit the boreholes to remain open (i.e. the 
formation collapses in the hole), monitoring points will be constructed of a sacrificial 
drive point attached to a length of 0.5-inch-diameter stainless steel mesh that functions 
as the well screen, which in turn is connected to 0.375-inch Teflon® tubing. Holes are 
less likely to remain open for the installation of the deeper top-of-bedrock wells than 
the shallower top-of-water-table wells. To install tubing-cased monitoring points, the 
borehole is punched and sampled to several feet above the target depth for the 
monitoring point. The probe rods are withdrawn from the borehole, and the soil 
sampler is replaced with the well point assembly. An appropriate length of Teflon® 
tubing is threaded through the probe rods and attached to the well point. The assembly 
is lowered into the borehole and then driven down to the target depth and sampling 
zone. The probe rods are removed, leaving the sacrificial tip, screen assembly, and 
tubing behind. The soil is likely to cave in around the screen and tube assembly; where 
this does not occur, silica sand will be emplaced to create a sand pack around the well 
point, and the borehole annular space around the tubing above the sand pack will be 
filled with granular bentonite or grout to seal it. Monitoring point construction details 
will be noted on a Monitoring Point Installation Record form (Figure 3.4). 

Should 0.5-inch-ID PVC shallow monitoring points not be installed, the only 
resulting data gap would be the lack of water level information for that particular 
location. The decision to install 0.5-inch-ID PVC monitoring points will be made in 
the field once the open-hole stability of subsurface soils and Geoprobe® equipment can 
be evaluated. 

The field scientist will verify and record the total depth of the monitoring point, the 
lengths of all casing sections, and the depth to the top of all monitoring point 
completion materials. All lengths and depths will be measured to the nearest 0.1 foot. 

3.2.2.4 Monitoring Point Completion 

Monitoring points will be completed at grade with a protective cover cemented in 
place. The protective cover will be raised slightly above the ground surface, with a 2- 
foot-square concrete pad that will slope gently away from the cover to facilitate runoff 
during precipitation events. After monitoring point completion, each site will be 
restored as closely as possible to its original condition. 

3.2.3 Monitoring Point Development and Records 

The new monitoring points will be developed prior to sampling to remove fine 
sediments from the portion of a formation adjacent to the screen. Development will be 
accomplished by lowering high-density polyethylene (HDPE) tubing into the well or 
attaching Teflon® tubing to the pump lines and removing water with a peristaltic pump 
until pH, temperature, specific conductivity, and water clarity (turbidity) stabilize. At 
a minimum, 10 casing volumes of water will be developed from each monitoring point. 
In the event that 10 casing volumes of water cannot be recovered as a result of low 
water production, the water volume recovered and the deficiency will be noted in the 
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development records. Monitoring point development will occur a minimum of 24 
hours prior to sampling. 

A development record will be maintained for each new monitoring point. The 
development record will be completed in the field by the field scientist. Figure 3.5 is 
an example of a development record used for similar well installations. Development 
records will include: 

• Monitoring point number; 

• Date and time of development; 

• Development method; 

• Monitoring point depth; 

• Volume of water produced; 

• Description of water produced; 

• Post-development water level and monitoring point depth (0.5-inch ID PVC 
monitoring points only); and 

Field analytical measurements, including pH and specific conductivity. 

Development waters will be collected in 55-gallon drums. Filled 55-gallon drums 
will be labeled and transported to a Base-designated holding location while disposal is 
being arranged. The Base will be responsible for signing required shipping and 
disposal manifests. 

3.2.4 Monitoring Point Location and Datum Survey 

The location and elevation of the monitoring points will be surveyed by a registered 
surveyor soon after completion. Horizontal coordinates will be measured to the nearest 
0.1 foot relative to established Base coordinates. The elevation of the flush-mount 
casing and measurement datum (top of interior casing) will be measured to the nearest 
0.01 foot relative to USGS msl data. 

3.2.5 Water Level Measurements 

Water levels at all site monitoring points and wells will be measured within a short 
time period so that the water level data are comparable. The depth to water below the 
measurement datum will be measured to the nearest 0.01 foot using an electric water 
level probe or, if mobile LNAPL is present, an oil-water interface probe. 

3.3 GROUNDWATER SAMPLING PROCEDURES 

This section describes the scope of work required for collection of groundwater 
quality samples. Samples will be collected from previously installed monitoring wells 
and newly installed monitoring points. A peristaltic pump with dedicated HDPE tubing 
will be used to collect groundwater samples at monitoring points and wells. Samples 

3-13 

022/722450/FCWP/l 3 .WW6 



MONITORING POINT DEVELOPMENT RECORD 


Page_of. 


Job Number: 722450.18 Job Name: Fairchild AFB, Washington 

Location:_ By__ Date. 

Well Number_ Measurement Datum__ 


Pre-Development Information 


Time (Start): 


Water Level: 


Total Depth of Well: 


Water Characteristics 

Color_ Clear Cloudy 

Odor: None Weak Moderate Strong 

Any Films or Immiscible Material _ 

pH_ Temperature(oF oC)_ 

Specific Conductance(|iS/cm)__ 


Interim Water Characteristics 
Gallons Removed 
pH 

Temperature (oF oC) 

Specific Conductance((iS/cm) 


Post-Development Information Time (Finish): 

Water Level: Total Depth of Well: 

Approximate Volume Removed: 

Water Characteristics 

Color_ Clear Cloudy 

Odor: None Weak Moderate Strong 

Any Films or Immiscible Material_ 

pH_ Temperature(oF oC)_ 

Specific Conductance(|iS/cm)_ 


Comments: 


FIGURE 3.5 


MONITORING POINT 
DEVELOPMENT RECORD 


Site FT-1 

Intrinsic Remediation TS 
Fairchild AFB, Washington 



PARSONS 

ENGINEERING SCIENCE, INC. 


Denver, Colorado 





are planned to be collected at monitoring wells MW-1, MW-2, MW-3, MW-4, MW- 
49, MW-50, MW-52, MW-53, MW-59, MW-61, MW-100, MW-151, MW-152, MW- 
153, MW-154, MW-155, MW-156, MW-225, MW-226, MW-227, and all 16 new 
monitoring points (Figures 1.3 and 3.1). In order to maintain a high degree of QC 
during this sampling event, the procedures described in the following sections will be 
followed. 

Sampling will be conducted by qualified scientists and technicians from Parson ES 
and the USEPA NRMRL who are trained in the conduct of groundwater sampling, 
records documentation, and chain-of-custody procedures. In addition, sampling 
personnel will have thoroughly reviewed this work plan prior to sample acquisition and 
will have a copy of the work plan available onsite for reference. Groundwater 
sampling includes the following activities: 

• Assembly and preparation of equipment and supplies; 

• Inspection of the monitoring well/point integrity including: 

- Protective cover, cap, and lock, 

- External surface seal and pad, 

- Monitoring well/point stick-up, cap, and datum reference, and 

- Internal surface seal; 

• Groundwater sampling, including: 

- Water level and product thickness measurements, 

- Visual inspection of sample water, 

- Monitoring well/point casing evacuation, and 

- Sample collection; 

• Sample preservation and shipment, including: 

- Sample preparation, 

- Onsite measurement of physical parameters, and 

- Sample labeling; 

• Completion of sampling records; and 

• Sample disposition. 

Detailed groundwater sampling and sample handling procedures are presented in 
following sections. 

3.3.1 Preparation for Sampling 

All equipment to be used for sampling will be assembled and properly cleaned and 
calibrated (if required) prior to arriving in the field. In addition, all record-keeping 
materials will be gathered prior to leaving the office. 
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3.3.1.1 Equipment Cleaning 

All portions of sampling and test equipment that will contact the sample matrix will 
be thoroughly cleaned before each use. This includes the split-spoon soil samplers, 
sampling pumps, water level probe and cable, test equipment for onsite use, and other 
equipment or portions thereof that will contact the samples. Given the types of sample 
analyses to be conducted, the following cleaning protocol will be used: 

Wash with potable water and phosphate-free laboratory detergent (HP-II detergent 
solutions, as appropriate); 

• Rinse with potable water; 

• Rinse with isopropyl alcohol; 

• Rinse with distilled or deionized water; and 

• Air dry. 

Any deviations from these procedures will be documented in the field scientist's field 
notebook and on the groundwater sampling record (Figure 3.6). 

If precleaned disposable sampling equipment is used, the cleaning protocol specified 
above will not be required. Laboratory-supplied sample containers will be cleaned and 
sealed by the laboratory. The type of container provided and the method of container 
decontamination will be documented in the USEPA mobile laboratory’s permanent 
record of the sampling event. 

3.3.1.2 Equipment Calibration 

As required, field analytical equipment will be calibrated according to the 
manufacturers’ specifications prior to field use. This applies to equipment used for 
onsite measurements of dissolved oxygen (DO), pH, electrical conductivity, 
temperature, reduction/oxidation (redox) potential, sulfate, nitrate, ferrous iron (Fe 2+ ), 
and other field parameters listed on Table 3.1. 

3.3.2 Sampling Procedures 

Special care will be taken to prevent contamination of the groundwater and extracted 
samples. The primary ways in which sample contamination can occur is through 
contact with improperly cleaned sampling equipment. To prevent such contamination, 
the water level probe and cable used to determine static water levels and total 
well/point depths will be thoroughly cleaned before and after field use and between 
uses at different sampling locations according to the procedures presented in Section 
3.3.1.1. Dedicated tubing will be used at each well/point developed, purged, and/or 
sampled with the peristaltic pump. In addition to the use of properly cleaned 
equipment, a clean pair of new, disposable nitrile or latex gloves will be worn each 
time a different monitoring point or well is sampled. The following paragraphs present 
the procedures to be followed for groundwater sample collection from groundwater 
monitoring points and wells. These activities will be performed in the order presented 
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GROUNDWATER SAMPLING RECORD 

SAMPLING LOCATION_ 

SAMPLING DATE(S)_ 

MONITORING WELL_ 

(number) 

REASON FOR SAMPLING: [ ] Regular Sampling; [ ] Special Sampling; 

DATE AND TIME OF SAMPLING:_, 19_a.m./p.m. 

SAMPLE COLLECTED BY:_of_ 

WEATHER: __ 

DATUM FOR WATER DEPTH MEASUREMENT (Describe):_ 


MONITORING WELL CONDITION: 

[ ] LOCKED: [ ] UNLOCKED 

WELL NUMBER (IS - IS NOT) APPARENT 

STEEL CASING CONDITION IS:_ 

INNER PVC CASING CONDITION IS:_ 

WATER DEPTH MEASUREMENT DATUM (IS - IS NOT) APPARENT 
[ ] DEFICIENCIES CORRECTED BY SAMPLE COLLECTOR 
[ ] MONITORING WELL REQUIRED REPAIR (describe):_ 


Check-off 

1 [ ] EQUIPMENT CLEANED BEFORE USE WITH. 

Items Cleaned (List):_ 


2 [ ] PRODUCT DEPTH_FT. BELOW DATUM 

Measured with:__ 

WATER DEPTH_FT. BELOW DATUM 

Measured with:_ 


3 [ ] WATER-CONDITION BEFORE WELL EVACUATION (Describe): 

Appearance:_ 

Odor:_ 

Other Comments:_ 

4 [ ] WELL EVACUATION: 

Method:_ 

Volume Removed:_' 

Observations: Water (slightly - very) cloudy 

Water level (rose - fell - no change) 

Water odors:_ 

Other comments:_ 
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GROUND WATER SAMPLING RECORD (Continued) 

MONITORING WELL 


5[ ] 


6 [ ] 


SAMPLE EXTRACTION METHOD: 


[ ] Bailer made of:_ 
[ ] Pump, type:_ 

[ ] Other, describe:. 


Sample obtained is [ ] GRAB; [ ] COMPOSITE SAMPLE 


ON-SITE MEASUREMENTS: 

Temp:_ 

PH:_ 

Conductivity:_ 

Dissolved Oxygen: 
Redox Potential: _ 

Salinity:_ 

Nitrate:_ 

Sulfate:_ 

Ferrous Iron:_ 

Other:_ 


Measured with:. 
Measured with: 
Measured with: 
Measured with: 
Measured with: 
Measured with: 
Measured with: 
Measured with: 
Measured with: 


7 [ ] SAMPLE CONTAINERS (material, number, size):. 


S [ ] ON-SITE SAMPLE TREATMENT: 


[ ] Filtration: Method. 

Method. 

Method. 

[ ] Preservatives added: 

Method. 

Method. 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


9 [ ] CONTAINER HANDLING: 

[ ] Container Sides Labeled 

[ ] Container Lids Taped 

[ ] Containers Placed in Ice Chest 

10 [ ] OTHER COMMENTS:_ 
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below. Exceptions to this procedure will be noted in the field scientist's field notebook 
or on the groundwater sampling record. 

3.3.2.1 Preparation of Location 

Prior to starting the sampling procedure, the area around the monitoring points/wells 
will be cleared of foreign materials, such as brush, rocks, and debris. These 
procedures will prevent sampling equipment from inadvertently contacting debris 
around the monitoring point/well. 

3.3.2.2 Water Level and Total Depth Measurements 

Prior to removing water from the monitoring point/well, the static water level will 
be measured. An electric water level probe or oil/water interface probe will be used to 
measure the depth to groundwater below the datum to the nearest 0.01 foot. After 
measuring the static water level, the water level probe will be slowly lowered to the 
bottom of the monitoring point/well and the depth will be measured to the nearest 0.01 
foot. If free-phase product (mobile LNAPL) is present, the total depth of the well 
from installation records will be used to avoid excessive contamination of the water 
level probe and cord. Based on these measurements, the volume of water to be purged 
from the monitoring point/well will be calculated. If mobile LNAPL is encountered, 
the thickness of the product will be measured with an oil/water interface probe. 

3.3.2.3 Monitoring Point/Well Purging 

The volume of water contained within the monitoring point/well casing at the time 
of sampling will be calculated, and at least three times the calculated volume will be 
removed from the well. A peristaltic pump will be used for monitoring point/well 
purging. All purge waters will be collected in 55-gallon drums. Filled 55-gallon 
drums will be labeled and transported to a Base-designated holding location while 
disposal is being arranged. The Base will be responsible for signing required shipping 
and disposal manifests. 

If a monitoring point or well is evacuated to a dry state during purging, the 
point/well will be allowed to recharge, and the sample will be collected as soon as 
sufficient water is present in the monitoring point/well to obtain the necessary sample 
quantity. Sample compositing or sampling over a lengthy period by accumulating 
small volumes of water at different times to obtain a sample of sufficient volume will 
not be allowed. 

3.3.2.4 Sample Extraction 

Dedicated HDPE tubing and a peristaltic pump will be used to extract groundwater 
samples from monitoring points and wells. The tubing will be lowered through the 
casing into the water gently to prevent splashing. This step is omitted if the monitoring 
point is constructed of Teflon® tubing. The sample will be transferred directly into the 
appropriate sample container. The water will be carefully poured down the inner walls 
of the sample bottle to minimize aeration of the sample. 
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Unless other instructions are given by the USEPA mobile laboratory, sample 
containers will be completely filled so that no air space remains in the container. 
Excess water collected during sampling will be disposed of in the same manner as 
purge water. 

3.3.3 Onsite Groundwater Parameter Measurement 

As indicated on Table 3.1, many of the groundwater chemical parameters will be 
measured onsite by USEPA staff. Some of the measurements will be made with direct- 
reading meters, while others will be made using a HACH® portable colorimeter in 
accordance with specific HACH® analytical procedures. These procedures are 
described in the following subsections. 

All glassware or plasticware used in the analyses will have been cleaned prior to 
sample collection by thoroughly washing with a solution of laboratory-grade, 
phosphate-free detergent (e.g., Alconox®) and water, and rinsing with isopropyl 
alcohol and deionized water to prevent interference or cross-contamination between 
measurements. If concentrations of an analyte are above the range detectable by the 
titrimetric or colorimetric methods, the analysis will be repeated by diluting the 
groundwater sample with distilled water until the analyte concentration falls to a level 
within the range of the method. All rinseate and sample reagents accumulated during 
groundwater analysis will be collected in glass containers fitted with screw caps and 
properly disposed. 

3.3.3.1 Dissolved Oxygen Measurements 

DO measurements will be made using a meter with a downhole oxygen sensor or a 
sensor in a flow-through cell before and immediately following groundwater sample 
acquisition. When DO measurements are taken in monitoring points/wells that have 
not yet been sampled, the monitoring points/wells will be purged until DO levels 
stabilize. 

3.3.3.2 pH, Temperature, and Specific Conductance 

Because the pH, temperature, and specific conductance of a groundwater sample can 
change significantly within a short time following sample acquisition, these parameters 
will be measured in the field in unfiltered, unpreserved, "fresh" water collected by the 
same technique as the samples taken for laboratory analyses. The measurements will 
be made in a flow-through cell or a clean glass container separate from those intended 
for laboratory analysis, and the measured values will be recorded in the groundwater 
sampling record (Figure 3.6). 

3.3.3.3 Alkalinity Measurements 

Alkalinity in groundwater helps buffer the groundwater system against acids 
generated through both aerobic and anaerobic biodegradation processes. Alkalinity of 
the groundwater sample will be measured in the field by experienced USEPA NRMRL 
scientists via titrimetric analysis using USEPA-approved HACH® Method 8221 (0 to 
5,000 mg/L as calcium carbonate) or a similar method. Alkalinity of the groundwater 
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sample also will be measured at the fixed-based laboratory using USEPA method 
310.1. 

3.3.3.4 Nitrate- and Nitrite-Nitrogen Measurements 

Nitrate-nitrogen concentrations are of interest because nitrate can act as an electron 
acceptor during hydrocarbon biodegradation under anaerobic soil or groundwater 
conditions. Nitrate-nitrogen is also a potential nitrogen source for biomass formation 
for hydrocarbon-degrading bacteria. Nitrite-nitrogen is an intermediate byproduct in 
both ammonia nitrification and in nitrate reduction in anaerobic environments. 

Nitrate- and nitrite-nitrogen concentrations in groundwater will be measured in the 
field by experienced USEPA NRMRL scientists via colorimetric analysis using a 
HACH® DR/700 Portable Colorimeter. Nitrate concentrations in groundwater samples 
will be analyzed after preparation with HACH® Method 8039 (0 to 30.0 mg/L NO 3 ). 
Nitrite concentrations in groundwater samples will be analyzed after preparation with 
EPA-approved HACH® Method 8507 (0 to 0.35 mg/L N0 2 ) or a similar method. 

3.3.3.5 Carbon Dioxide Measurements 

Carbon dioxide concentrations in groundwater will be measured in the field by 
USEPA NRMRL scientists via titrimetric analysis using HACH® Method 1436-01 (0 to 
250 mg/L as CO 2 ). Sample preparation and disposal procedures are the same as 
outlined at the beginning of Section 3.3.3. 

3.3.3.6 Sulfate Measurements 

Sulfate in groundwater is a potential electron acceptor for fuel-hydrocarbon 
biodegradation in anaerobic environments. A USEPA NRMRL scientist will measure 
sulfate concentrations via colorimetric analysis with a HACH® DR/700 Portable 
Colorimeter. After appropriate sample preparation. EPA-approved HACH® Method 
8051 (0 to 70.0 mg/L S0 4 ) or similar will be used to prepare samples and analyze 
sulfate concentrations. 

3.3.3.7 Total Iron, Ferrous Iron, and Ferric Iron Measurements 

Iron is an important trace nutrient for bacterial growth, and different states of iron 
can affect the redox potential of the groundwater and act as an electron acceptor for 
biological metabolism under anaerobic conditions. Iron concentrations will be 
measured in the field via colorimetric analysis with a HACH® DR/700 Portable 
Colorimeter after appropriate sample preparation. HACH® Method 8008 (or similar) 
for total soluble iron (0 to 3.0 mg/L Fe 3+ + Fe 2+ ) and HACH® Method 8146 (or 
similar) for ferrous iron (0 to 3.0 mg/L Fe 2+ ) will be used to prepare and quantitate the 
samples. Ferric iron will be quantitated by subtracting ferrous iron levels from total 
iron levels. 

3.3.3.8 Manganese Measurements 

Manganese is a potential electron acceptor under anaerobic environments. 
Manganese concentrations will be quantitated in the field using colorimetric analysis 
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with a HACH® DR/700 Portable Colorimeter. USEPA-approved HACH® Method 8034 
(0 to 20.0 mg/L) or similar will be used for quantitation of manganese concentrations. 
Sample preparation and disposal procedures are outlined earlier in Section 3.3.3. 

3.3.3.9 Reduction/Oxidation Potential 

The redox potential of groundwater is an indication of the relative tendency of a 
solution to accept or transfer electrons. Redox reactions in groundwater are usually 
biologically mediated; therefore, the redox potential of a groundwater system depends 
upon and influences rates of biodegradation. Redox potential can be used to provide 
real-time data on the location of the contaminant plume, especially in areas undergoing 
anaerobic biodegradation. The redox potential of a groundwater sample taken inside 
the contaminant plume should be somewhat less than that taken in an upgradient 
location. 

The redox potential of a groundwater sample can change significantly within a short 
time following sample acquisition and exposure to atmospheric oxygen. As a result, 
this parameter will be measured in the field in unfiltered, unpreserved, “fresh” water 
collected by the same technique as the samples taken for laboratory analyses. The 
measurements will be made as quickly as possible in a clean glass container separate 
from those intended for laboratory analysis or in a flow through cell. 

3.4 SAMPLE HANDLING FOR LABORATORY ANALYSIS 

This section describes the handling of samples from the time of sampling until the 
samples are delivered to USEPA field laboratory. 

3.4.1 Sample Preservation 

The USEPA mobile laboratory support personnel will add any necessary chemical 
preservatives prior to filling the sample containers. Samples will be prepared for 
transportation to the analytical laboratory by placing the samples in a cooler containing 
ice to maintain a shipping temperature of as close to 4 degrees centigrade (°C) as 
possible. Samples will be delivered promptly to USEPA field laboratory personnel, 
who will be responsible for shipment of appropriate samples to the NRMRL in Ada, 
Oklahoma for analysis. 

3.4.2 Sample Containers and Labels 

Sample containers and appropriate container lids will be provided by the USEPA 
field laboratory (see Appendix A). The sample containers will be filled as described in 
Section 3.3.2.4, and the container lids will be tightly closed. The sample label will be 
firmly attached to the container side, and the following information will be legibly and 
indelibly written on the label: 

• Facility name; 

• Sample identification; 

• Sample type (e.g., groundwater, soil); 
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• Sampling date; 

• Sampling time; 

• Preservatives added; 

• Sample collector's initials; and 

• Requested analyses. 


3.4.3 Sample Shipment 

After the samples are sealed and labeled, they will be packaged for transport to the 
onsite USEPA field laboratory. The following packaging and labeling procedures will 
be followed: 

• Package sample so that it will not leak, spill, or vaporize from its container; 

• Cushion samples to avoid breakage; and 

• Add ice to container to keep samples cool. 

The packaged samples will be delivered by hand to the USEPA field laboratory. 
Delivery will occur as soon as possible after sample acquisition. 

3.4.4 Chain-of-Custody Control 

Chain-of-custody documentation for the shipment of samples from the USEPA field 
laboratory to the NRMRL analytical laboratory in Ada, Oklahoma, will be the 
responsibility of the USEPA field personnel. 

3.4.5 Sampling Records 

In order to provide complete documentation of the sampling event, detailed records 
will be maintained by the field scientist. At a minimum, these records will include the 
following information: 

• Sample location (facility name); 

• Sample identification; 

• Sample location map or detailed sketch; 

• Date and time of sampling; 

• Sampling method; 

• Field observations of 

- Sample appearance, and 
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- Sample odor; 

• Weather conditions; 

• Water level prior to purging (groundwater samples only); 

• Total monitoring well/point depth (groundwater samples only); 

• Sample depth (soil samples only); 

• Purge volume (groundwater samples only); 

• Water level after purging (groundwater samples only); 

• Monitoring well/point condition (groundwater samples only); 

• Sampler' s identification; 

• Field measurements of pH, temperature, DO, and specific conductivity 
(groundwater samples only); and 

• Any other relevant information. 

Groundwater sampling information will be recorded on a groundwater sampling 
form. Figure 3.6 shows an example of the groundwater sampling record. Soil 
sampling information will be recorded in the field log book. 

3.4.6 Laboratory Analyses 

Laboratory analyses will be performed on all groundwater and soil samples as well 
as the QA/QC samples described in Section 5. The analytical methods for this 
sampling event are listed in Table 3.1. Prior to sampling, USEPA NRMRL personnel 
will provide a sufficient number of analyte-appropriate sample containers for the 
samples to be collected. All containers, preservatives, and shipping requirements will 
be consistent with USEPA protocol or those reported in Appendix A of this plan. 

USEPA laboratory support personnel will specify the necessary QC samples and 
prepare appropriate QC sample bottles. For samples requiring chemical preservation, 
preservatives will be added to containers by the laboratory. Containers, ice chests with 
adequate padding, and cooling media will be provided by USEPA NRMRL laboratory 
personnel. Sampling personnel will fill the sample containers and return the samples to 
the field laboratory. 

3.5 AQUIFER TESTING 

Slug tests will be conducted in selected monitoring wells to estimate the hydraulic 
conductivity of unconsolidated deposits at the site. This information is required to 
accurately estimate the velocity of groundwater and contaminants in the shallow 
saturated zone. A slug test is a single-well hydraulic test used to determine the 
hydraulic conductivity of an aquifer in the immediate vicinity of the tested well. Slug 
tests can be used for both confined and unconfined aquifers that have a transmissivity 
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of less than 7,000 ft 2 /day. Slug testing can be performed using either a rising head or a 
falling head test; at this site, both methods will be used in sequence. 

3.5.1 Definitions 

• Hydraulic Conductivity (K). A quantitative measure of the ability of porous 
material to transmit water; defined as the volume of water that will flow through 
a unit cross-sectional area of porous or fractured material per unit time under a 
unit hydraulic gradient. 

• Transmissivity (T). A quantitative measure of the ability of an aquifer to transmit 
water. It is the product of the hydraulic conductivity and the saturated thickness. 

• Slug Test. Two types of testing are possible: rising head and falling head tests. A 
slug test consists of adding a slug of water or a solid cylinder of known volume to 
the well to be tested or removing a known volume of water or cylinder and 
measuring the rate of recovery of water level inside the well. The slug of a known 
volume acts to raise or lower the water level in the well. 

• Rising Head Test. A test used in an individual well within the saturated zone to 
estimate the hydraulic conductivity of the surrounding formation by lowering the 
water level in the well and measuring the rate of recovery of the water level. The 
water level may be lowered by pumping, bailing, or removing a submerged slug 
from the well. 

• Falling Head Test. A test used in an individual well to estimate the hydraulic 
conductivity of the surrounding formation by raising the water level in the well by 
insertion of a slug or quantity of water, and then measuring the rate of drop in the 
water level. 

3.5.2 Equipment 

The following equipment will be used to conduct a slug test: 

• Teflon®, PVC, or metal slugs; 

• Nylon or polypropylene rope; 

• Electric water level indicator; 

• Pressure transducer/sensor; 

• Field logbook/forms; and 

• Automatic data recording instrument (such as the Hermit Environmental 
DataLogger®, In-Situ, Inc. Model SE1000B, or equivalent). 

3.5.3 General Test Methods 

Aquifer hydraulic conductivity tests (slug tests) are accomplished by either removal 
of a slug or quantity of water (rising head) or introduction of a slug (falling head), and 
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then allowing the water level to stabilize while taking water level measurements at 
closely spaced time intervals. 

Slug testing will proceed only after multiple water level measurements over time 
show that static water levels are in equilibrium. During the slug test, the water level 
change should be influenced only by the introduction (or removal) of the slug volume. 
Other factors, such as inadequate well development or extended pumping may lead to 
inaccurate results; in addition, slug tests will not be performed on wells with free 
product. The field scientist will determine when static equilibrium has been reached in 
the well. The pressure transducer, slugs, and any other downhole equipment will be 
decontaminated prior to and immediately after the performance of each slug test using 
the procedures described in Section 3.3.1.1. 

3.5.4 Falling Head Test 

The falling head test is the first step in the two-step slug testing procedure. The 
following steps describe procedures to be followed during performance of the falling 
head test. 

1. Decontaminate all downhole equipment prior to initiating the test. 

2. Open the well. Where wells are equipped with watertight caps, the well should 
be unsealed at least 24 hours prior to testing to allow the water level to stabilize. 
The protective casing should remain locked during this time to prevent 
vandalism. 

3. Prepare the aquifer slug test data form (Figure 3.7) with entries for: 

• Borehole/well number, 

• Project number, 

• Project name, 

• Aquifer testing team, 

• Climatic data, 

• Ground surface elevation, 

• Top of well casing elevation, 

• Identification of measuring equipment being used, 

• Page number, 

• Static water level, and 

• Date. 

4. Measure the static water level in the well to the nearest 0.01 foot. 
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AQUIFER SLUG TEST DATA SHEET 


Location: _ 

Job No.: 722450.18 

Water Level_ 

Measuring Datum 

Weather_ 

Comments 


Client: AFCEE 

Field Scientist_ 

Total Well Depth_ 

Elevation of Datum_ 
Temp_ 


Well No.. 
Date 



AQUIFER TEST 
DATA FORM 

Site FT-1 

Intrinsic Remediation TS 
Fairchild AFB, Washington 


PARSONS 

ENGINEERING SCIENCE, INC. 


Denver, Colorado 
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5. Lower the decontaminated pressure transducer into the well and allow the 
displaced water to return to its static level. This can be determined by periodic 
water level measurements until the static water level in the well is within 0.01 
foot of the original static water level. 

6. Lower the decontaminated slug into the well to just above the water level in the 
well. 

7. Turn on the data logger and quickly lower the slug below the water table, being 
careful not to disturb the pressure transducer. Follow the owner’s manual for 
proper operation of the data logger. 

8. Terminate data recording when the water level stabilizes in the well. The well 
will be considered stabilized for termination purposes when it has recovered 80 
to 90 percent from the initial displacement. 

3.5.5 Rising Head Test 

After completion of the falling head test, the rising head test will be performed. 
The following steps describe the rising head slug test procedure. 

1. Measure the water level in the well to the nearest 0.01 foot to ensure that it has 
returned to the static water level. 

2. Initiate data recording and quickly withdraw the slug from the well. Follow the 
owner’s manual for proper operation of the data logger. 

3. Terminate data recording when the water level stabilizes in the well, and 
remove the pressure transducer from the well and decontaminate. The well will 
be considered stabilized for termination purposes when it has recovered 80 to 90 
percent from the initial displacement. 

3.5.6 Slug Test Data Analysis 

Data obtained during slug testing will be analyzed using AQTESOLV™ and the 
method of Bouwer and Rice (1976) and Bouwer (1989) for unconfined aquifer 
conditions. 
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SECTION 4 


TS REPORT 


Upon completion of field work and modeling, a TS report detailing the results of the 
investigation and subsequent modeling will be prepared. This report will follow the 
outline presented in Table 4.1. It will contain an introduction, a summary of physical 
characteristics, a discussion of the nature and extent of contamination (including 
geochemistry), a description of selected remedial alternatives, a groundwater model, 
and a proposed long-term monitoring plan. 
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TABLE 4.1 

EXAMPLE TS REPORT OUTLINE 
FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 


INTRODUCTION 

Scope and Objectives 
Site Background 

SITE CHARACTERIZATION ACTTVITTES 

Sampling and Aquifer Testing Procedures 

PHYSICAL CHARACTERISTICS OF THE STUDY AREA 
Surface Features 

Regional Geology and Hydrogeology 
Site Geology and Hydrogeology 
Climatological Characteristics 

NATURE AND EXTENT OF CONTAMINATION 
Source Characterization 
Soil Chemistry 

Residual Contamination 
Total Organic Carbon 
Groundwater Chemistry 

LNAPL Contamination 
Dissolved Contamination 
Groundwater Geochemistry 
Expressed Assimilative Capacity 

DESCRIPTION OF SELECTED REMEDIAL ALTERNATIVES 
Bioventing 
Air Sparging 

GROUNDWATER MODEL 
Model Description 

Conceptual Model Design and Assumptions 

Initial Model Setup 

Model Calibration 

Sensitivity Analysis 

Model Results 

Conclusions 

LONG-TERM MONITORING PLAN 
Overview 

Monitoring Networks 
Groundwater Sampling 

CONCLUSIONS AND RECOMMENDATIONS 

APPENDICES: Supporting Data and Documentation 

Site-Specific Bioplume II Model Input and Results 
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SECTION 5 

QUALITY ASSURANCE/QUALITY CONTROL 


Field QA/QC procedures will include collection of field replicates/duplicates and 
rinseate, field and trip blanks; decontamination of all equipment that contacts the 
sample medium before and after each use; use of analyte-appropriate containers; and 
chain-of-custody procedures for sample handling and tracking. All samples to be 
transferred to the analytical laboratory for analysis will be clearly labeled to indicate 
sample number, location, matrix (e.g., groundwater), and analyses requested. Samples 
will be preserved in accordance with the analytical methods to be used, and water 
sample containers will be packaged in coolers with ice to maintain a temperature of as 
close to 4°C as possible. 

All field sampling activities will be recorded in a bound, sequentially paginated field 
notebook in permanent ink. All sample collection entries will include the date, time, 
sample locations and numbers, notations of field observations, and the sampler's name 
and signature. Field QC samples will be collected in accordance with the program 
described below, and as summarized in Table 5.1. 

QA/QC sampling will include collection and analysis of duplicate groundwater and 
soil samples, rinseate blanks, field/trip blanks, and matrix spike samples. Internal 
laboratory QC analyses will involve the analysis of laboratory control samples (LCSs) 
and laboratory method blanks (LMBs). QA/QC objectives for each of these samples, 
blanks, and spikes are described below. 

Soil and groundwater samples collected with the Geoprobe sampler should provide 
sufficient volume for some replicate and duplicate analyses. Refer to Table 3.1 and 
Appendix A for further details on sample volume requirements. 

One rinseate sample will be collected for every 10 or fewer groundwater samples 
collected from existing wells. Rinseate samples will consist of a sample of distilled 
water poured into or pulled through decontaminated or new sampling equipment and 
subsequently transferred into a sample container provided by the laboratory. Rinseate 
samples will be analyzed for VOCs only. 

A field blank will be collected for every 20 or fewer groundwater samples (both 
from groundwater monitoring point and groundwater monitoring well sampling events) 
to assess the effects of ambient conditions in the field. The field blank will consist of a 
sample of distilled water poured into a laboratory-supplied sample container while 
sampling activities are underway. The field blank will be analyzed for VOCs. 
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TABLE 5.1 

QA/QC SAMPLING PROGRAM 
FT-1 INTRINSIC REMEDIATION TS 
FAIRCHILD AFB, WASHINGTON 
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A trip blank will be analyzed to assess the effects of ambient conditions on sampling 
results during the transportation of samples. The trip blank will be prepared by the 
laboratory. A trip blank will be transported inside each cooler which contains samples 
for VOC analysis. Trip blanks will be analyzed for VOCs. 

Matrix spikes will be prepared in the laboratory and used to establish matrix effects 
for samples analyzed for VOCs. 

LCSs and LMBs will be prepared internally by the laboratory and will be analyzed 
each day samples from the site are analyzed. Samples will be reanalyzed in cases 
where the LCS or LMB are out of the control limits. Control charts for LCSs and 
LMBs will be developed by the laboratory and monitored for the analytical methods 
used. 
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APPENDIX A 

CONTAINERS, PRESERVATIVES, PACKAGING, AND SHIPPING 
REQUIREMENTS FOR GROUNDWATER SAMPLES 
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Frequency of Sample Container, 

Matrix Analysis_Method/Reference_Comments_Data Use_ Analysis Sample Preservation 
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Frequency of Sample Container, Fixed-Bas« 

Matrix _ Analysis _ Method/Reference _ Comments _ Data Use _ Analysis Sample Preservation Laborator 

Soil Total organic SW9060 modified for Procedure must be Relatively high amounts of At initial Collect 100 g of soil in Fixed-base 
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Recommended Sample Volume, Field 

Frequency of Sample Container, Fixed 

Matrix _ Analysis _ Method/Reference _ Comments _ Data Use _ Analysis _ Sample Preservation Labo 

Soil gas Oxygen content Electrochemical oxygen The concentration Data are used to Each sampling N/A Field 
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Recommended Sample Volume, Field 

Frequency of Sample Container, Fixec 

Matrix Analysis Method/Reference _ Comments Data Use Analysis Sample Preservation Labo 

Water Ferrous (Fe +2 ) Colorimetric Alternate method; Same as above Each sampling Collect 100 ml of water Field 
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Recommended Sample Volume, Field 

Frequency of Sample Container, Fixed 

Matrix Analysis Method/Reference _ Comments _ Data Use Analysis _ Sample Preservation Labo 

Water Alkalinity A2320, titrimetric; Handbook method Same as above Each sampling Collect 250 mL of Field 
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Recommended Sample Volume, Field or 

Frequency of Sample Container, Fixed-Basi 

Matrix _ Analysis _ Method/Reference _ Comments _ Data Use _ Analysis Sample Preservation Laborator 

Water Aromatic Purge and trap GC Handbook method; Method of analysis for Each sampling Collect water samples Fixed-base 
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(PAHs) : liquid chromatography compliance; data on their as required by 

(optional) method SW8310 concentrations are not used regulations 

currently in the evaluation 
of natural attenuation ■ : 


















Recommended Sample Volume, Field or 

Frequency of Sample Container, Fixed-Base 

Matrix _ Analysis _ Method/Reference _ Comments _ Data Use Analysis Sample Preservation Laboratory 

Water Total fuel carbon Purge and trap GO A substitute method : Data used to monitor the At initial Collect:40 mL of water Fixed-base 

(optional) method SW8020 for measuring total reduction in concentrations sampling and at in glass vials with 
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International Journal of Environmental Analytical Chemistry, Volume 36, pp. 249-257, “Dissolved Oxygen and Methane in Water by 
Chromatography Headspace Equilibration Technique,” by D. H. Kampbell, J. T. Wilson, and S. A. Vandegrift. 






































Mw-ISO 


Log of Borehole 


Project E-At i in A»£?3 


Total Depth 4*3 


Location ± ig^ ~t gA) »o < aJcW I Borehole Dia £ 

Geologic Log by Uo^k. Depth to Fluid J± [ P*sy 


ttV^tSO 


Geophysics by 
Weather -Solo, 


Rig CS-3&0 


Bit(s) Ta ConJ- - 


Fluid AiaJUn,D 


Borehole £T- Loo 


START FINISH 

Date ‘i/jihi i kehi 

Time 13 £d IUog 
How Left 
to/lic.«./ 



^ df't fit** 




























Borehole Coc 


Log of Borehole 


page. 


.of a .^ 


Project FA tihoH/UD fif~£ _ 

Location FT- / J~2- _ 

Geologic Log by - *>A/C~ 

Driller Z?u;<- _ 

Geophysics by__ 


Total Depth. 


<42>' 


Borehole Dia. 


JBL 


Depth to Fluid ^ ft v^-f 

Rig C£_ *<>€ _ 

Bit(s) T%< 


START FINISH 

Date llllfhl * } / Zohl 
Time 1 5S~o HaO 


How Left -3-ra flS 


buJ %ut2j^ U. 


Depth 

-Z&— 

Pene. 

Rate/ 

Blow 

Cts 

Circu¬ 

lation 

Q 

(gpm) 

OVA/ 

HNU 

_I_ 

Sample 

, .—_ _ 1 — r r — 

Geologic and Hydrologic Description 

# 

Inter¬ 

val 

Lith. 

Symbol 


% Core 
Recovery 


l-i 

n 


El 

30 

Bjj. 

ER. 

... _3 C/ “ _ _ 
















——- j . ■ ■ 

4* c- *Ss\^ J . ?\n( uX^. . r rJ / 


■ 








SI 








■fi 



ffn 

n 

EM 

focLAJOf- \rJ . a 1 r ^ J2. £ 








<r v 




; pBP| 





Z<A 


0.0 

ra 

jp 

7 - 

JEM 

^><r 


^5 - 

— 







-TD-^3' T 


mm 

Ml 



















1 




M 








mm 








■i 
























■ ■ 








9B' 
































Mil 








■Mj 














. 











































































14 Z-Z_ 


HV 7 

Jf-JZr- 




































































I 


Log of Borehole 


iL 


Eorencie Lac 

_ L _ 


n 
































































/v\wJlS < T 



















nVW \ ^ « 


Log of Borehole 


Location. 


Total Depth 
Borehole Dia £ ° 


Borehole 


START FINISH 


Date °lhzh/ l/z&h 


Geologic Log b SA /<i Depth to Fluid 


Driller 

Geophysics by. 
Weather_ 


Rig ££JfV0_ 


Bit(s) j' 1 /he, i^vLflrvJ^w 

Fluid Ai/t _ 



Sample 


Geologic and Hydrologic Description 


% Core 
Recovery 




















































/V\\A1 \S'o 


Log of Borehole 


Borehole 

page — ^ of_^ 


Project mviio A FB _ 

Location -E^T-/ lx*:~ I MVaJISIq 

Geologic Log bv ^ Ho***J- 'Sai _ 

Driller Uu,\^ YU*Jrj/4rt -'PctJoouK** 

Geophysics by_ 

Weather __ 


Pene. Circu- Sample 

Rate/ lation OVA/ 

Blow Q HNU 
Cts (gpm) 



Total Depth L t t ‘3> Sr _ 

fV 

Borehole Dia cT _ _ 

Depth to Fluid__ 

Rig <LP _ _ 


Bit(s) 
Fluid 


Geologic and Hydrologic Description 


% Core 
Recovery 


7H — 




























Log of Borehole 


Project FAIRCHILD AFB 

i PT* [ &£ ±1 iS±2S3 

Geologic Log Hy A- - 

Driller tb-***/ - 

Geophysics by_ &A 

Wparhar &>' Su.»*u - 


KV-V51 


Borehole 


Depth 

ft 

jj 

Circu¬ 

lation 

HNu 

ft/ 

min 

Q 

(Qpm) 

PPM 


Sample 


n 


Total rvpth 39.?' - 

Rnrwhnlw Dia 6 —- Date J£l2td i - ::. 

Depth to Fluid ____ Time /a?,’ 

Rig _ How Left c*- ^ 

Bit(s) ^ r i 3* 

Fluid <3//^. __ 


Geologic and Hydrologic Description 


hole r^f^ } *>a~S - 
_; 

START FiNJ 


Inter- Lfth. 
val Symbol 



I- rtJ-/ 

? 1 

I /<r 


0^ I V I 7 


-CuOa nut -to 


>v 4 ^o< 


e^djk'u- /-v<_ 












































I * V * x 


Log of Borehole 


•'■’D _____ /A - 

Borehole r l-fte^ 

P*0« . 




fAV0lS8 


Project . FAIRCHILD AFB 

Total Depth *? / ' ‘ 

1 oration r> v_OC^-3 

Borehole Die v» "_ 12 - 

Geologic Log by A &/H ^ 

Depth to Fluid ' 

Driller / l^iiru./ br,uis.rtSc~- / 

Rio CPJCOO 

Geoohvsics bv 

Bit(s) f? ° /Zrfe** t if' bi t 

Weather . 7 <?‘’.^w» 

Fluid /!//' , S 


J-cf- 




Depth 


Pene.i 

Circu¬ 

Rate 

lation 

ft/ 

Q 

min 

(gpm) 


HNu 

PPM 


*!.e 


START FI.V 


Date fc/3r, t to/. 
Time <£2^£_ / s~T 

How Left 


Sample 


Inter¬ 

val 


r 


Jed. 


J V~ 


■z 


/o 


I I 


f ■£■ 


J_i 




1.24 y i go 


I I I 


1 1 

1 1 

1 1 

r i i 

2* 1 

3 

wm 

wm 

wm 






1 





1 










3o‘ 

1 * 

0-< 

(„ 

zo 


F 1 





1 





_L_ 1 ! 1 



i 

1 



Geologic and Hydrologic Description 


Lhh. 

Symbol 


<v^^/; •j&teLii C^. 3o*t*)' /r4w 


< y, 


JpuisJLuJUS. &c3ljL £i£±2L ■ //>-; <jj gn, 

frfLV- 


J \ , -J ‘—y- 

~ m«W v!/g</•’ K&.ue6ii -k -■ 

——— : • 


<* 


teduLac di, teas. &JJ2USL1 U Jtle. 

_ - - 7 j 


St Ith Z ,-su </£ pe6tct,c (a 1 ~ . 




r«v. ifr <*-«/• t tk'rfibM-hnA' aL 


jxTi 


a.. Omn.£et ¥<. (B^i£C~(-±-< 


u/c^twcd » tVA- , //f ohtj^br^ 


dtc-ckfc^* 


tui _ /gO I 


j t>lU- J r'luleu r^-kt*-*_ 

_ 6-f ^raA$ ; sovccq. oirlyg. £a=- 


I 


• i»aaai£ j WL-. ay-* 
i. 


rik lvJ b-w* 4ra^' 


t>U<- * ~4 raLC^. 








Log of Borehole 


m\^ i - 

Borehole j^TW . 

— ^ 
P*Q« _:=L 


I5B 


P~j~* FAIRCHILD AFB _ 

Total Depth Vjj _.—-— 

Borehole Die_ & __—- 

Depth to Fluid _._ 

| rvstion '7'7'Ijifej^. P^vM-P LOC-3 


nriiur J.tJ^AX. fJbsitVLsf ~k/i(£:^S>- 

Rig C? 7*» 

n<wihvriri hv 

Bit(s) &* '-v4zl<* 8 *ts~4i*or Jt t 

Weather 7*? 

. - i i ■ i — 1 —i 

j ■ 

Fluid 

L i .. 


io}3 


/o^Si 




If 


\[cS 


START FINIS 

Data A^V/i 
Time £^9° /5~2> 

How Left M^L<^xty 

jZC^CCtsjl’hi ^ . 




n47 


tZ®7| 


Depth 

ft 

Pene.. 

Rate 

ft/ 

min 

Circu¬ 

lation 

Q 

(gpm) 

HNu 

PPM 

Sample 

Geologic and Hydrologic Description 

# 

Inter¬ 

val 

Lhh. 

Symbol 



*5* 


5 

oA 

7 

& 


Jj±SSSL. 7 _ -bnx*jz _ (£1 

^ rllvT^c 

V < — 






-- - 

* 







U 


















HO 

&MT- 

3 

0.7, 


¥t> 

‘R«l<s«JV ! r ~br*.u- Aix. 6 








^23-k - 

' \ 

























"*r 


3 1 oM 


Vs" 

» imjlasi i/<. * • +n*A_ d I; 

e^f 







•fVMi_:- 

l 






• 

1 4 


















so 

t>& 

3 

& *3 

/c 

<ro 

» ^iUA-irfg. ^ • 4mu- dk dubs' - 

1 


I 

\ 

rsOdjirt-S u* -5^c tx&H Aq5y>rUC 5^ 

1 


1 

1 

OH^lCS-^- 



1 


if ^ 



—r— 

1 

1 


1 ^.53l 

3 1 0.2. 

// i 

r -rra^*_ cite aln/s ^ stf. 


1 1 

1 

i 

* *■*'=4/ O^vJ-t W^Jl. cil^ £^S^h 



• 


l 

rz£*d l-»—_ 

l 

1 1 




^ i 


• 1 



U ! 


<jO 

o&S\ 

3 

OS 

.,o 

•ge^rf"' KlU- - ttrl^ j|.VO 







^ ' r J * 

<z,o.ri ,f *w~l. &**|f fr»«s * c>mJ-nr 


i 






















1 ta*? 


3 


/3 

C 

[ '2fc«->d-F * * blfc- ’ *rr t l£~ ie? ^ 































__ ! _ 






Log of Borehole 


Prr,;»rt . FAIRCHILD AFB __ Total Depth __U_L - 

/AWlSg) | nation \ _Borehole Dia_ < £l— 

Geologic Log bv A . SAlC . Depth to Fluid , 

Driller vVo. *-»-«•<* , R*fl ^ ‘ 3 ° 

Geophysics by ;_ . Bit(s)—*o»Wy_ 

• Weather *70* t-__ Fluid /-vrv*— 


rOfa*-L+ . 0*' J im—** / 


Ua> 

Borehole f > T'~ L 

3 _ o/ J5 

1 START FINIS 

Date /jy/sA f 
Time cn*/o 
How Left 

u HU 4 *rbCL 



Pene- 

Circu¬ 

Sample 

Depth 

Rate 

ft/ 

lation HNu 

Q 


Inter¬ 

_ft_ 

min 

(gpm) PPM 

TT 

val 

7£> 


3 

/*/ 

-7C> 


Geologic and Hydrologic Description 


# WO 


<?/✓ C*M14 


r5“ 1 75" 




I o&%\ 3 I 1 i<* I eo 


dV-ohVg<lru 4e 










hAVJ-\S°, 

Borehole yC ^~j hzls. 

































Log of Borehole 


Bo_ 


P a ge _ of ^ 





























































































Borehole 































































CofiE ° 


gsc/zipf/v s-J 


g of Borehole 


Total Depth 2L3o 
Borehole Dia 3 ° 


Borehole f~T^ / /r\^ 


SiART rINj' 

Date ql«U Zgg£f * 
Time 0 40o /i /44 





















of Borehole 



Pene. Circu- 
Rate/ lation OVA/ 
Blow Q HNU 
Cts {gpm) 


























Borehole FT-1 xT 
page j cf ^ 


START FI.V 

Date _ _ 

Time _ _ 

How Left _ 





































BORING LOG 


NUS CORPORATION 


PROJECT:- FM=& _ 

PROJECT NO.: 329fe_ 

ELEVATION:_ 

WATER LEVEL DATA :- 

(Date, Time & Conditions) . 


DATE: OH-Li 

FIELD GEOLOGIST: 


MATERIAL DESCRIPTION* 


BORING NO.:. 
DRILLER: 


sam pi! otrrx 
no. 

4 mi ©* 
NO. 


SAMPtf 

mcovmv 

SAMPU 

LENGTH 


UTMOLOG> 

CHANGI 


SOIL 

oinvty; 

CONUSTINCY 

butooc 

MAJIONtSS 


. MATERIAL 
CLASSIFICATION 


REMARKS 


MGT 


iDfcGEfcBY KJ05 


*SE£.SL\C LO& 

















BORING LOG 


NUS CORPORATION 


PROJECT:_— 

PROJECT NO.: 3Z3C, 

ELEVATION:_ 

WATER LEVEL DATA :__ 

(Date, Time & Conditions) 


DATE: M— 

FIELD GEOLOGIST: 


BORING NO.: MVJ \5^ 
hrii LER: SoYlES SC 























BORING LOG 


NUS CORPORATION 


PROJECT:_FN 15 — 

PROJECT NO.: 

ELEVATION: __ 

WATER LEVEL DATA :_ 

(Date, Time & Conditions) . 


BORING NO.: *AVO 15 Q 


DATE: M- '•U 

FIELD GEOLOGIST: 


DRILLER: 


















boring log 


NUS CORPORATION 


I 


PROJECT:- 

PROJECT NO.: 

ELEVATION:__ 

WATER LEVEL DATA :- 

(Date, Time & Conditions) 


OATE: _° Z 

FIELD GEOLOGIST: 


BORING NO.:. 
DRILLER:_ 




MATERIAL DESCRIPTION*, 


VAMfU 

•ICOVirr 


uTMOcoay 

OUMGI 


ux 

oiNvry/ 

CO*«SHNO 

o**oac 
harm ess 


MATERIAL 

CLASSIFICATION 


REMARKS 









1 













BORING LOG 


PROJECT:- r ^FD - 

PROJECT NO.: 

ELEVATION:_ 

WATER LEVEL DATA :- 

(Date. Time & Conditions) 


DATE: 3l3g l 3L 
FIELD GEOLOGIST: _ 


BORING NO.: 
DRILLER: _£ 


NUS corporation 




n 


' V 


MATERIAL DESCRIPTION* 



•LOWS. 

UMFLf 

otrrx 

«'Q« 

*K0Vt*r 

tfw 

*00 

.SAMKI 

o* 

r.) 

UNOTX 

R\J»4 


WO. 




utxxcxnr 

OMM 6 I 


SO*L 

d«nsity' 

COWSiSTWCY 
i on ItOOC COLO " 
! HAXONISS 


MATERIAL 

CLASSIFICATION 


REMARKS 


SiC &EJbivo£> TO 



























BORING LOG 


NUS CORPORATION 


PROJECT: 




PROJECT NQ.: 
ELEVATION: _ 




DATE: <3-50- 3) 


BORING NO.: MVJO 
DRILLER: BOVl.ES BEOS 


FIELD GEOLOGIST: SJ CoKTn 


WATER LEVEL DATA: . 


(Date, Time & Conditions) 


MATERIAL DESCRIPTION* | 

Root 

B*- 

oK 

uses 

REMARKS 

COM. •»* 
otNsmr 
CONWTtHCV 

oetooc 

KMONKS 

. COCO* 

. MATERIAL 
CLASSIFICATION 

»aWaec> 

mi 



n3.T> -**■ m.o 

VC«tt PfZOcrrufEC 

To 

UAtffJS 

■ 

■ 

Mi 





■ 

■ 

■ 

■ 





'"H-S U04- FEACTu D. 

■ 

■ 















1! 










V»3UU.E BEM. OP COC^ 









* 









- 


















• 83.*^ Lof. f&ACsvMl 







M 

&,u_ - 









.SAVE, R3« T»&«T 
WtAATufcg.* l«7±_ 

























1 










NT VJO HV <- INTA.CT 


















• 
















1 
















j 












- 





* . 

* 






\ 


1 



mmm 



<*-3o 


Mwru 

HO. 

4TYM 


(O- f 




OS 50 


o^vo 


4 


ms 


oerrn 

(ft.) 

o* 

RvJbl 

NO. 


YIS.O 




re 


S5J-L 


@ Jt V 






IqO-o 


© 


KS-o 


<S) 


Zoo.o 


•cows. 

«'0* 

RQO 

r.» 






UMfU 

MCQVMV 

MMK! 

UEHOTH 


JUTWOCOOY 

CHAHGI 


T 


loo% 


»o©y. 


•oo% 


ioo% 


fe-4 




S.o 




REMARKS 


boring HVo *5 
page_2i_of _Ls 


See Legend on Back 





























BORING LOG 


NUS CORPORATION 


PROJECT: r^FB— 

PROJECT NO.: 353(g 

ELEVATION: ___ 

WATER LEVEL DATA :_ 

(Oate, Time & Conditions) 


KCOWV WMW I 

SAM*.! OUT* 4 - ot RKOVJRY UT*<XO<rr| SO*. 

Jft.) ngo SAM*.! CWAHCI 

' A TYM O* r ,j UHGJM 

RUK 


_ DATE: \ Q~}~ 

1 _FIELD GEOLOGIST: 


BORING NO.: MVO I 
DRIl i ER: BOYlP-S. 



■215.0 















































































f\MO 


Borehole 


Log of Borehole 


of 2- 


Project 

(AvoVoD Location fT- \ 
Geologic Log by. 
Driller AJ**/ 0 /? r 
Geophysics by_ 
Weather 


__ Total Depth_ 

■b. 2 Borehole Qia_ 

^ <&iC . Depth to Fluid 

22_‘ Ri 9- Q±_J^ 


START FINIS 1 ’ 

{ 

Date tohm f 
Time i^/dQ \n^s> 
How Left t iu^ 


Depth 


Pene. Circu- 
Rate/ lation OVA/ 
Blow Q HNU 
Cts (gpm) 


Sample 


Geologic and Hydrologic Description 


Inter- Lith. 
val Symbol 


% Core 
Recovery 




g/g^f £>ruJyf *9 




t<Z 2VzA ___!_ 

r ^ 3 .._. 1 tlL fit kz±L* ♦» ^ 

j ^riAAJL vJcstfUnJ ^ ft 

cC^KTC, stA'c&g-1*£3lfiUlisi K rt^ 




S 4 U r*jt 1*71 r/z,^-*3 




’ eCi.ifljy' mm • 


CTm i s d Jt 


«M /*& C*T ifc/z- 




ry* y */;■ J etic. y»• 

I <.4a*fvuLf rt U*J ^Lt,^h Cfsj / < i » r(+u£. &4 















Log of Borehole 

Project P APvb _ 

Location ££ \_L Laj) Mv 

Geologic Log by fA. 6tcuri\< 

^ . G. 4 

Driller AW*."' ( 

Geophysics by 

Weather ci^nr £lCiz2& 


Total Depth_ Sl 

Borehole Dia_2 

Depth to Fluid_ 

Rig Cr* 

Bit(S). Q t-r\f rOr. , 

Fluid VJokV~ 


Borehole MW ' fc 1 _ 
page I of 
"1 START FINIShf 

Date IScc.VR l_ 

. Time Q jo n _ 

How Left _ 


t >‘, / V */F f — ________ 







































!*t <T 























hA'JO-VWL j KVJ- \ 
















I 


tAW-lWZ-/Kv^-i 


c&. X^ 
Borehcie n-l _a 























WW-M'o'Z. /hvJ-\', 


Log of Borehole 


Borehole Fj~ 


S j AR j r iT«IS * 


Dale lo i qC ; 














HvMW'L / 

Borehole tlLi Q£U U£iL ‘• 

Log of Borehole . • . S37 ._s_ L 

















MvVsi-'1UZ- /MV--;* 
Borehole fr>; i 

?4 j? (/> o! h 


I 


Log of Borehole 























r\vj it— 
Borehole 5 lo- / -£o g~K=~ 


A34? 





page l of _ 

START FINISH 

Date chilli 
Time iy &<X) _ 

How Left 

j 

iso-dr 































i.i o • i u* y o w cj . o o 


O o u o l / y o o l o 


MU. l.ilJLiiL.N 


' i-Ahb h.NOi.NhhKI.NO 


Log of Borehole 

Project tAl££JU^ 

Location r'Tj - A^ 1 */ 

Geologic Log by J- _ 

Driller AWm Cflr<~ - >£ _ 

Geophysics bv /M _ m 

Weather ^ 70 ' 

Pene. Circu- 

_ it _ Rate/ lation OVA/ — 
Depth Blow Q <£nS> 

Cts (gpm) 

— 0- 

_£ : 0-1 fp- 


Total Depth __; 

Borehole Dia_ 

Depth to Fluid 
nirt Ct 4 G$*o 


VI 

S' 


Borehole t^LL zJV'VW: ' 
page . ^ °< 2 

" START FINISH 

. Date 'A*/?/ [M i 
Time i£lE 

How Left 


Sample 
# | ,nt( 


Bit(s) 7rfCrtie / /)L*jVs.£r - _ 

Fluid __ _ 

Geologic and Hydrologic Description 


Inter- Lith. 
val Symbol 


% Core 
Recovery 


te/ -f.' t. g_ ^4.$ I- , 

/C ’,'S £r±p_ jiSuff *>/ 

--f f{. 

/■F" tP <f4»*e/ *r i'ls*jU£\s 

/) -i <■*${- uw// »* ><i/w»7* r?cK 

zp-ZZ Tauie gj . (f'Zo ' _ 

~p7e5^kj^ jb>/£ , * V&T _ 

g't*'. {/2.7 ^ to f hj*-. _ 

77> 22,if' 




©303 279 5525 


SAIC GOLDEN 


FAFB ENGINELKiM. 


Well Construction Summary 

Location; fll " MWi2d - Elevation: G 

Personnel;_* MooCg-- T 


Elevation: Ground Level 
Top of Casing 


DRILLING SUMMARY; 

Total nppih 2-?-° 
Borehole Diameter —.$ 



Surface Casing 


WELL DESIGN: 

Basis: , 

Geologic Log K Geophysical Log — 

Casing String(s): C=Casing S=Screen 

aJ _ T?tS- Lo | 


b.O - /fo.3 


Casing 


fVC^ Scl go (JZAiL 


Scree 


n:(Sp S-fe-ef $'91 


Centralizers, 


Filter Materiel 

D 


Cdprako Sr/ rc*- 


Pert 4 ( 


ha*4i^\l(L Pe/fetS 


CONSTRUCTION TIME LOG: 


Start 

Finish 

Task Date Time 

Date Time 

Drilling: , 

Vt(/9/ /OYo 

iM, /s ~yj 


Geophys. Log¬ 
ging: 

Casing 1 



\j/27& J£tf_\)/W /<?*' 







Key: 

£22 Bentonite 
',/// Cement/Grout 
2??$^ Sand Pack 

Drill Cuttings 
Gravel 


□ 

| Sand 

-r-z -1 silt 

1- 23 Screen 


□ 





























03 •• 10 ■■93 09:42 


0303 279 5525 


SA1C (jULDE.N 


FAFB ENGINEERING 


Oli v t 


Log of Borehole 


Project f* f[j£S -• 1 1LM Ahlj. 

Location F’T 1 - M W 1 »2.i _ 

Geologic Log bv M.CC*e^ 
Driller 41t/.>\ Ca b _ 


Geophysics bv ft _ 

Weather C\s-_W_F_ 


>1 'Y * * 

Total Depth c _ _ 

y. 

Borehole Dia V _ _ 

Depth to Fluid ___ 

Rio ±P_ £j£ _ 

Bit(s) "TV' 1 C^<c / / 

Fluid __ 


Borehole__ 

. * page L of 


tfUJ/- Mlu'tlj 


ow 

(HNU> 


Sample 


# 


Geologic and Hydrologic Description 



START 

FINISH 

Oate 


i/ilfff 

Time 

Of/c 

1(0? 

How 

Left _ 



Inter- L 
val Sy 


% Core 
Recovery 


O/T'v-A 


/4>X/C -STj* 


STjT-/P 





















03-10/93 09:43 


©303 279 5525 


SAIC GOLDEN 


fafb engineering 


1£lj < * i - * 



Well Construction Summary 


pTr dHy/r’i 


Elevation: Ground Level 
Top of Casing 


Sand 


Drill Cuttings 


WM Gravel 


Screen 


























Well Construction Summary va^-\48 



IwV 1 Drill Cuttings 
Gravel 


Screen 




















Well Construction Summary HM-14S 


Location: L . 1 ~ 1 Li1 \M imi -t 
Personnel: _ 


DRILLING SUMMARY: 

Total Depth_liL_ 

Borehole Diameter__. 


Elevation: Ground Level 
Top of Casing 


CONSTRUCTION TIME LOG: 



Drilling Fluid Ay/i _ 


Surface Casing_ iiJJl __ 


WELL DESIGN: 

Basis:' 

Geologic Log Geophysical Log 

Casing String(s): C=Casing S=Screen 

-<f.S . C, I 


Start Finish 

Date Time Date Time 


Drilling: 



Geophys. Log¬ 
ging: 

Casing:_I 




Filter Placement 
Cementing: 
Bentonite Seat 

Other:_ 


Casing: Cl . 
C2 . 
C3 . 
C4 . 

Screen: SI . 

S2. 
. S3. 
S4 . 

Centralizers. 


Adi u < PVC. 


■■ i'\'C /-'.g. Id. 



Filter Material _lLLT_ 



Bentonite 


Cement/Grout 


reasra Sand Pack 


Drill Cuttings 


Gravel 


V. Sand 


I --->1 Silt 


3rd Clay 


Screen 






























Well Construction Summary 

^\vj \£0 



Elevation: Ground Level _ 

Top of Casing _ 


CONSTRUCTION TIME LOG: 


Task 


Drilling: 


Start Finish 

Date Time Date Time 



hllij/lL \+vo 


Geophys. Log¬ 
ging: 

Casing:_I °[^hi a*7s> 



Filter Placement: £321 1 2 bsht 

Cementing: l^o_ 

Development: _ 

Other: o>/n U~co 


^asij plu-fl U-hStAelcA 


Key: 

£99) Bentonite 


L/Vxl Cement/Grout 
Sand Pack 
KfvV Drill Cuttings 
Gravei 


‘•'■1 Sand 
-Z-I-l Silt 

335 Clay 

H-1 Screen 








































Well Construction Summary 


(p^r-'C 


Location: JEZilA ^- oc - ’ 


MV'JU'ZT' l ^ 1 

- -_ Elevation: Ground Level 


Personnel: Uou-ot^ 

--f ( Pa no.tg.-M A 

DRILLING SUMMARY: 

Total Depth 31 - *S~ _ 

Borehole Diameter V" _ 

Driller*Po^jra^r7 yk A_ 


Surface Casing _ 


WELL DESIGN: 

(geolog ic Log ) Geophysical Log 

Casing String(s): C=Casing S=Screen 
3o.3 - %o Ci 


__ ••• 0 
._ / . 


' ■ xw 


Top of Casing __ 

CONSTRUCTION TIME LOG: 



Task 

Drilling: 


Geophys. Log 
ging: 

Casing:_ 


Start Finish 

Date Time Date Time 


Ve/A/ ffipc-j p4/A/ Mc£_ 




Key: 

&99I Bentonite 
7 /// Cement/Grout 
Sand Pack 
vVV Drill Cuttings 
£*v!l Gravel 


‘•-.I Sand 
-Z->| Silt 
Clay 

^ Screen 
























<;o 



Well Construction Summary HvmS'z. 


Location: 




nel: ^ Cwf.v.no 


Person 


DRILLING SUMMARY: 

Total Depth_UL 

Borehole Diameter_L 


Elevation: Ground Level 
Top of Casing 


CONSTRUCTION TIME LOG: 


Start Finish 

Date Time Date Time 


Drilling: 



: V/--VI Sand 


> vVI Drill Cuttings 


°t *£.* Gravel 


















































Well Construction Summary wm-\S5 

Location: l-: ' 1 _ lit. _Elevation: Ground Level _ 

Pprsnnnpl- (-\ttr r r,* _ Top 0 f Casing_ 


DRILLING SUMMARY: 

c/ 

Total Depth_L_ 

Borehole Diameter_2 


CONSTRUCTION TIME LOG: 


Start Finish 

Date Time Date Time 


Drilling: 



Rig [)r./( fi/tt _ 

Bit(s) £ I -W-v _ 


Drilling Fluid //$ _ 


Surface rasing _ 


WELL DESIGN: 

Basis: 

Geologic Log - Geophysical Log 
Casing String(s): C=Casing S=Screen 
*u£ - 1 | _-_ 

- <T ' 


Geophys. Log¬ 
ging: 

Casing:_ 



Filter Placement 
Cementing: 
Bentonite Seat 

Other: . 



Casing: Cl £1 hJxJuk til i 


Comments: 

■ ~» -r/'r.-f 


J .w/ ,r) V. t A 


Screen: SI L 1 zlLlLA u ’- d*X. lLsLi 
S2_ 


Centralizers. 




Bentonite 


Cement/Grout 


Sand 


Sand Pack 


> y,A,| Drill Cuttings 
Gravel 


!=-=-=! Silt 


333 Clay 


Screen 




















Well Construction Summary 

«r_, . AIVaJI^ . , 


Location: JEJlr 1 Lac* 1 
Personnel: evu^./^cw 

DRILLING SUMMARY: 

Total Depth . 45-S 
Borehole Diameter 


Driller. 


Elevation: Ground Level 
Top of Casing 


CONSTRUCTION TIME LOG: 


Drilling: 


Start Finish 

Date Time Date Time 

llzikl LjjQR q/el/w mr 


Drilling Fluid. 


Geophys. Log¬ 
ging: 

Casing:_ 


YSbihl $fz£jy e^zsL 


Surface Casing. 

WELL DESIGN: 
Basis: 

Geologic Log 


Geophysical Log 


Casing String(s): C=Casing S=Screen 

5H_-3& ^ _-_ 

-.La_s_ _-_ 

_-_ 


Filter Placement: 7/c^Ar A/ 

Cementing: cftiS e \i£Ahj 

Development:__ _ 

Other:_ ___ 


Casing: Cl ^**^*7 


C2 */ rite. 

C3__ 


Screen: SI ao"ZQ 

52 __ 

53 __ 

54 __ 


Comments: 

SJO Sv ujta-Cfj. 



Centralizers. 



Filter Material .i d/ U C* 

41 * - 


sera 


Bentonite 


Cement/Grout 



Sand Pack 


Drill Cunings 


Gravel 


Screen 





1 5 r 


Well Construction Summary 



Location: FT- \ ZUai\ c 

A. Cmc^ei, 

Personnel: C- tLuzL , a_t 


DRILLING SUMMARY: 

Total Depth_ iS.S' 

Borehole Diameter_ H 1 


Casing: Cl 
C2 
C3 


Screen: SI f i Us. CiiL ~C L 

52 _ 

53 _ 

54 _ 

Centralizers mA _ 


Elevation: Ground Level 
Top of Casing 


CONSTRUCTION TIME LOG: 



WELL DESIGN: 

Basis: 

Geologic Log Geophysical Log 

Casing String(s): C=Casing S=Screen 
» 2.7-5 ~_ 1 6. V Ci ___ 

2k d - 3&-S 3 _-_ _ 




Drilling: 


Start Finish 

Date Time Date Time 


«-/v-y/ /*>, 



Geophys. Log¬ 
ging: 

Casing:_ 


UAL. 



Filter Placement 
Cementing: 
Bentonite Seal: 

Other:_ 


Comments: 



Bentonite 


Cement/Grout 


I Sand 


Sand Pack 


Drill Cuttings 


Gravel 


\---Z-\ Silt 


33 £) Clay 


Screen 





























Well Construction Summary 

MWIS& 

Location: —Er"T-t—ffoj. _ Elevation: Ground Level 

Personnel: lC* _ Tod of Casino 


Top of Casing_ 


CONSTRUCTION TIME LOG: 


Start Finish 

Date Time Date Time 


/■Vye/ 



<XXl 8entonite 
Z/A Cement/Grout 
Sand Pack 


v ,V Drill Cuttings 


: | Sand 
-Z-Z-l Silt 
333 Clay 

Screen 


'9A?A Gravel 


























hAVJ-lb^l 


V 


<W 


tlo 


/ 


'SSo I 


i 8 c L' 


/ 


2i5.;L 


lit 


A 


Well Construction Summary 

Location: FT-! Co ft hvk I SR Elevation: Ground Level 

Personnel: Cl ^ _ Top 0 f Casing 


DRILLING SUMMARY: 


145 


Total Depth_ 

Borehole Diameter _/£_ 


Hri llpr £-cu*</ / Af, 

. . 

iD2t>*n /JU/ 




Rig CP 7t)O0 



Rit(s) to * ‘T'KfOfm r/f(f>r Jf rCu*6iarr\ 

Geophys. Log- 



ging: 


Drilling Fluid Wti'hr' 

Casing: 

/OZl*)'/ /</*> 




Surfara Casing Af A 







WELL DESIGN: 
Basis: 

Geologic Log 


Geophysical Log 


Casing String(s): C=Casing S=Screen 
+ Z.o_ /At C.' 


/,?/ - / f / 6 i 

■ J - &- 


<v!> 


Casing: Cl Cl 2 ScJudsdL t il Ctu 
C2 r g fzzzza asfcc 

'j 

C3_ 

C4_ 

Screen: SI (l ^dzuIuL. 02 bL £LJlL51 *&j 

52 _ 

53 _ 

• S4_ 


Centralizers dli 


Filter Material CLiS. tiLlJLi 


Cement LtflL h. ~TT- 

Other <4 qM siL tyAd. 3 zaL kzahaJx. 

YAsJsm _ *//<■{< _ 


CONSTRUCTION TIME LOG: 

Task 


Filter Placement 
Cementing: 

Bentonite Seat VA*5? / IS25 


Other: 


bdc\ttfigcL 


Start 

Date Time 


/ozz^ fJLLSL 




Finish 

Date Time 


<2ZZll 'S'J 


tOZZ*)r /53V 


/oZlK o95c 


42*9/ '555 


Comments: 

tA&ft Cb/nJhJfA L*s t tti / fcJt/ \r ~>h/ / 

—OOixiktmZsi _ ih _ jAi _ 


Key: 


Bentonite 
'/f/ Cement/Grout 
Sand Pack 
Drill Cuttings 
Gravel 


Sand 


-“Silt 


* > . 


Clay 


a ° *«* 


A C>4icll- 








Well Construction Summary 

r\w- iwd 


Location: 


r -/ Uc 



^ Personnel: ^ 


DRILLING SUMMARY: 

Total Depth -yfr 1 
Borehole Diameter ^ '* 


Elevation: Ground Level 
Top of Casing 


CONSTRUCTION TIME LOG: 



Surface Casing. 


WELL DESIGN: 
Basis: 

Geologic Log 


Geophysical Log 


Casing String(s): C=Casing S=Screen 

_ 

Tit, - 1 7 4 _-_ 

f 2 - ix- _-_ _ 


Drilling: 


Geophys. Log¬ 
ging: 

Casing: 


Start Fimsn 

Date Time Date Time 

tduh l ; v 3<9 iv/nhi *2°^ 



j±ll £1 




MjLUl* 1ZLSL 


ilitLA &fnp± i±!lL 


Comments: 


Bentonite 


Cement/Grout 


Sand Pack 


wV Drill Cuttings 


Sane 


-Z->1 Silt 


^r^z: Clay 
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Gravel 

























Well Construction Summary 

MW \(o\ - 

Location:_ f'Hr J J~oc~ • L £zgr~ ~ 7 / t } Plot/iJfton* C 


V •6*rc*y>r'to C tCj ^4^»fn.u*0 


Elevation: Ground Level 


Personnel: /? - Cu^-uzs i sfrfQ)(<** ^xx\ 

DRILLING SUMMARY: 

Total Depth aas _ 

Borehole Diameter _ 


Top of Casing __ 

CONSTRUCTION TIME LOG: 


Task 

Drilling: 


Start Finish 

Date Time Date Time 



Drilling Fluid qX r «, _ 


Surface Casing_ 


WELL DESIGN: 

Basis: 

Geologic Log Geophysical Log 

Casing String(s): C=Casing S=Screen 
vz-q - v/.g a ___ 

4 J.3-. 3Z -_ 

“ J? S*A<A C.2- —_ 


Geophys. Log¬ 
ging: 

Casing: 



W^/Ti 

0*1 

ic/tl'fi ewf 

10/Ji* 1 lZ»& 

’■jgJlkGL e2i£ 




Comments: 


Bentonite 
Cement/Grout 
Sand Pack 
Drill Cuttings 
WM Gravel 


Sand 


Silt 

Clay 

1 - I Screen 
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'S-7-? - 


Well Construction Summary 


Location: o VI * Let. 

Personnel: N- 


DRILLING SUMMARY: 

Total Depth_• 7... 

Borehole Diameter_ 


Elevation: Ground Level - 

Top of Casing - 


CONSTRUCTION TIME LOG: 


Surface Casing--- 


WELL DESIGN: 

Basis: 

Geologic Log_ Geophysical Log_ 

Casing String(s): C=Casing S=Screen 

<iZS.-1L2. _-_ 

42L- 22J- -St. --- 

- tJ-S C,_ _-_ 


Start Finish 

Date Time Date Time 



Task 


Drilling: 






Geophys. Log¬ 
ging: 

Casing:_ 

?' P'J 



<252x31 a xtZ 




Filter Placement 
Cementing: 
Bentonite Seal: 

Other: _ 


OSfc/^l CAlS 




C»9iS. 

CftHG 




. __ 09 





Comments: 


I-1 

t’r.V'Vl Sand 


Bentonite 


Cement/Grout I -jt Silt 



Sand Pack 
Drill Cuttings 
ISSg Gravel 


Clay 

—\ Screen 


I I 























APPENDIX G2J 


MONITORING WELL COMPLETION INFORMATION 
SELECTED WELLS MW-1 THROUGH MW-134 



Appendix G-2 
Table 1 

Monitoring Well Screen Intervals and 
Corresponding Hydrogeologic Units (1) 
Fairchild AFB, Washington 


•el 1 No. 

(a) 

Site 

Total Bottoa of 

Depth Screen Depth 

(ft. 8CL)(b) (ft. BCL) 

Screened 
Interval 
(ft. BCL) 

Hydrogeo logic 
Unit (e) 

MI-01* 

FT-1 

15.0 

10.0 

4.50-10.00 

Qal 

MI-02* 

FT-1 

14.0 

11.0 

6.30-11.80 

Qal 

MI-03* 

FT-1 

11.0 

9.0 

3.50- 9.00 

Qal 

MI-04* 

FT-1 

15.0 

12.85 

7.35-12.85 

Qal 

MI-05* 

n-i 

17:5 

15.0 

9.50-15.00 

Qal 

MI-06* 

n-i 

17.5 

16.75 

5.80-16.75 

Qal 

MI-07* 

n-i 

13.5 

12.5 

7.50-12.50 

Qal 

MI-08* 

n-i 

13.5 

12.5 

7.00-12.50 

Qal 

MI-09* 

n-i 

11.0 

10.0 

4.50-10.00 

Qal 

MI-10* 

n-i 

IB.5 

17.0 

5.75-17.00 

Qal 

MI-11* 

n-i 

20.0 

16.5 

5.65-16.50 

Qal 

MI-12* 

n-i 

15.0 

13.6 

7.50-13.60 

Qal 

MI-13* 

n-i 

15.5 

13.55 

8.05-15.55 

Qal 

MI-14 

PS-1 

16.5 

8.0 

2.20- 8.00 

Qal 

MI-15 

PS-1 

8.5 

8.2 

2.63- 8.20 

Qal 

MI-16 

PS-1 

13.5 

11.5 

5.75-11.50 

Qal 

MI-17* 

SI-8 

23.5 

21.86 

5.56-21.86 

Qal 

MI-18* 

SI-8 

19.0 

18.5 

7.54-18.50 

Qal 

MI-19* 

SI-8 

33.5 

32.0 

1.00-32.00 

Qal 

MI-20* 

SI-8 

42.0 

41.3 

25.30-41.30 

Qal 

MI-21* 

SI-8 

50.0 

49.25 

33.25-49.25 

Qal 

MI-22* 

SI-8 

15.5 

14.75 

9.25-14.75 

Qal 

MI-23* 

SI-8 

14.5 

13.75 

8.15-13.75 

Qal 

MI-24* 

SI-8 

16.5 

16.3 

10.80-16.30 

Qal 

MI-25* 

15-1 

8.5 

7.5 

2.00- 7.50 

Qal 

MI-26* 

SI-1 

8.5 

7.76 

2.26- 7.76 

Qal 

MI-27* 

SI-1 

7.5 

6.72 

1.22- 6.72 

Qal 

MI-28* 

SI-1 

18.0 

17.65 

12.1S-17.65 

Qal 

MI-29* 

SI-1 

8.5 

8.0 

2.50- 8.00 

Qal 

MI-30* 

PS-8 

28.5 

13.0 

7.50-13.00 

Qal 

MI-31* 

PS-8 

13.5 

. 12.6 

7.10-12.60 

Qal 

MI-32* 

PS-8 

12.0 

11.18 

5.68-11.18 

Qal 

MI-33 

PS-6 

13.5 

10.5 

5.00-10.50 

Qal 

MI-34 

PS-6 

17.5 

17.5 

11.50-17.50 

Qal 

MI-35 

PS-6 

18.0 

12.93 

7.43-12.93 

Qal 

MI-36 

BI-1 

26.5 

23.25 

18.00-23.25 

Qal 

MI-37 

IS-4 

9.0 

8.7 

3.45-8.70 

Qal 

MI-36 

BI-1 

26.6 

20.0 

10.00-20.00 

A (top) 

MI-39 

Bl-1 

46.0 

43.15 

32.90-43.15 

A (top) 

MI-40 

PS-5 

17.5 

17.5 

7.50-17.50 

Qal 

MI-41 

PS-5 

12.8 

12.8 

7.80-12.80 

Qal 

MI-42 

PS-5 

17.5 

17.5 

7.50-17.50 

Qal 

MI-43 

PS-9 

38.5 

15.0 

10.00-15.00 

Qal 

MI-44 

PS-9 

11.5 

10.0 

5.00-10.00 

Qal 

MI-45 

PS-9 

11.5 

10.0 

5.00-10.00 

Qal 

MI-46 

PS-5 

57.0 

$7.0 

47.30-57.30 

A (top-aid) 

MI-47 

BI-1 

22.5 

20.5 

10.50-20.50 

Qal 

MI-48* 

II-1 

15.0 

15.0 

10.00-15.00 

Qal 

MI-49* 

n-i 

13.0 

13.0 

8.00-13.00 

Qal 

MI-50* 

FT-1 

20.0 

16.0 

6.00-16.00 

Qal 

MI-51* 

FT-1 

10.0 

10.0 

5.00.10.00 

Qal 

MI-52* 

FT-1 

15.6 

15.6 

5.60-15.60 

Qal 

MI-53* 

FT-1 

21.6 

21.5 

11.50-21.50 

Qal 

MI-54* 

II-1 

13.0 

13.0 

8.00-13.00 

Qal 

MI-55* 

PS-2 

16.6 

16.6 

6.35-16.60 

Qal 

MI-56* 

PS-2 

13.0 

13.0 

7.75-13.00 

Qal 

MI-57 

BI-1 

6.5 

6.5 

1.25-6.50 

Qal 

MI-58 

BI-1 

10.0 

10.0 

5.00-10.00 

Qal 

MI-59* 

n-i 

73.5 

70.0 

59.50-70.00 

A (aid) 

MI-60* 

n-i 

69.0 

68.0 

57.75-68.00 

A (aid) 







Appendix G-2 
Table 1 

Monitoring Well Screen Intervals and 
Corresponding Hydrogeologic Units (1) 
Fairchild AFB, Washington 
(continued) 


Veil No. 

(a) 

Site 

Total 

Depth 

(ft. BCL)(b) 

Bottoa of 
Screen Depth 
(ft. BCL) 

Screened 
Interval 
(ft. BCL) 

Hydrogeologic 
Unit (c) 

Mi-61* 

FT-1 

72.0 

70.0 

59.58-78.88 

A (.id) 

Mi-62 

BI-1 

43.0 

42.0 

31.S4-42.88 

A (top) 

MI-63* 

SI-8 

105.0 

104.0 

93.50-104.00 

A (top-aid) 

Mi-64 

BI-1 

14.5 

14.5 

9.50-14.50 

Qal 

Mi-65 

BI-1 

24.5 

24.5 

14.50-24.50 

. Hal 

Mi-66* 

PS-8 

37.5 

18.0 

8.00-18.00 

Qal 

MI-67* 

PS-8 

20.5 

20.0 

10.00-20.00 

5.1 

Mi-68* 

PS-8 

18.0 

17.0 

7.00-17.00 

Hal 

Mi-69* 

SI-8 

45.0 

45.0 

35.00-45.00 

A (top) 

MI-70* 

SI-8 

27.7 

27.7 

17.70-27.70 

A (top) 

Mi-71 

PS-7 

21.0 

20.5 

10.50-20.50 

A (top) 

Mi-72 

PS-7 

32.0 

32.0 

22.00-32.00 

A (top) 

Mi-73 

PS-7 

18.0 

17.5 

7.50-17.50 

A (top) 

Mi-74* 

SI-8 

185.66 

184.66 

173.10-184.66 

B (top) 

Mi-75* 

SI-8 

87.5 

87.5 - 

76.00-87.50 

A (top) 

Mi-76* 

SI-8 

66.3 

66.3 

54.80-66.30 

A (top) 

Mi-77* 

SI-8 

96.0 

95.0 

83.50-95.00 

A (.id) 

Mi-78* 

SI-8 

101.3 

99.0 

87.50-99.00 

A (top-eid) 

UI-79. 

SI-8 

386.0 

385.5 

374.00-385.50 

Interbed B 

Mi-80* 

SI-8 

120.5 

120.5 

109.00-120.50 

A (top) 

Mi-81* 

SI-8 

83.4 

82.2 

70.70-82.20 

A (top-aid) 

Mi-82* 

Si-8 

82. S 

81.5 

70.00-81.50 

A (top) 

Mi-83* 

SI-8 

148.7 

144. S 

133.00-144.50 

A (.id) 

Mi-84* 

SI-8 

128.1 

1126.9 

115.40-126.90 

A (top-aid) 

Mi-85* 

SI-8 

108 6 

107.6 

96.10-107.60 

A (top-.id) 

Mi-86* 

SI-1 

— 

-- 

— 

— 

Mi-87* 

SI-1 

20.07 

17.0 

6.77-17.00 

A (top) 

Mi-88* 

SI-1 

15.7 

15.7 

5.47-15.70 

A (top) 

Mi-89* 

SI-1 

26.4 

26.4 

16.17-26.40 

A (top) 

Mi-90* 

SI-1 

45.2 

44.0 

33.77-44.00 

A (top-.id) 

Mi-91* 

IS-1 

17.2 

17.2 

6.97-17.20 

A (top) 

Mi-92* 

IS-1 

40.0 

40.0 

29.70-40.00 

A (top-.id) 

Mi-93* 

IS-1 

25.16 

25.16 

14.93-25.16 

A (top) 

Mi-94* 

SI-8 

153.8 

150.11 

139.78-150.11 

A (base) 

Mi-95* 

SI-8 

149.3 

147.0 

136.97-147.00 

A (base) 

Mi-96* 

SI-8 

145.54 

144.0 

133.67-144.00 

A (base) 

Mi-97* 

SI-8 

148.88 

148.88 

138.55-148.88 

A (base) 

Mi-98* 

FT-1 

203.46 

203.46 

193.13-203.46 

A (bise) 

Mi-99* 

n-i 

75.76 

75.76 

65.43-75.76 

A (.id) . 

Mi-100* 

FT-1 

53.43 

53.43 

43.10-53.43 

A (.id) 

MI-101* 

SI-8 

201.64 

201.64 

191.39-201.64 

B (top) 

Mi-102* 

fi-1 

16.64 

16.64 

6.39-16.64 

Qal 

Mi-103* 

ill 

16.13 

14.6 

4.21-14.60 

Qal 

Mi-104* 

FT-1 

9.24 

9.24 

3.99-9.24 

Qal 

Mi-105* 

PS-2 

17.72 

17.72 

7.47-17.72 

Qal 

Mi-106* 

PS-2 

12.69 

12.69 

2.44-12.69 

Qal 

MI-107* 

PS-8 

13.0 

10.66 

5.41-10.66 

Qal 

Mi-108* 

PS-8 

11.16 

11.16 

5.91-11.16 

Qal 

Mi-109* 

PS-2 

15.99 

15.99 

5.99-15.99 

Qal 

Mi-110* 

PS-2 

16.27 

16.27 

6.27-18.27 

Qal 

Mi-111* 

PS-8 

11.37 

11.37 

0.37-11.37 

Qal 

Mi-112* 

PS-8 

15.5 

15.5 

5.50-15.50 

Qal 

Mi-113* 

PS-8 

10.94 

10.94 

5.90-10.94 

Qal 


a) * indicates Priority 1 site aonitoring veil. 

b) BCL * Belov Ground Level. 

c) See Figure XX for X-section of hydrogeologic units. 


(1) Source: SAIC RI/FS Study, FAFB, 1990. 





Appendix G-2 
Table 2 

Monitoring Well Screen Intervals and 
Corresponding Hydrogeologic Units 
Fairchild AFB, Washington 


Well 

Number 

Site 

Total 

Depth (1) 

Screened 
Interval (1) 

Hydrogeologic 
Unit (2) 

MW-120 

WW-1 

27 

16-27 

OVB 

MW-121 

FT-1 

22 

6-16.3 

OVB 

MW-122 

WW-1 

70 

54.3-66.3 

SBR 

MW-123 

FT-1 

17 

7-17 

OVB 

MW-124 

WW-1 

55.7 

44.7-55.7 

SBR 

MW-125 

WW-1 

16 

4.5-14.5 

OVB 

MW-128 

SW-1 

23 

12-22 

SBR 

MW-129 

SW-1 

20 

10-20 

SBR 

MW-130 

SW-1 

23.6 

13.6-23.6 

SBR 

MW-131 

SW-1 

20 

10-20 

SBR 

MW-132 

SW-1 

21.8 

11.8-21.8 

SBR 

MW-133 

IS-1 

25.3 

14.5-24.5 

SBR 

MW-134 

SW-1 

25.4 

15-25 

SBR 

MlV-llS 

FT-1 

ZOA 

191-201.75 



MVtA-11 q 

Note: MW-114 to SM. MW-126, MW-127, MW135 to MW-141 located at SW-8 
and are not included on this table. 


(1) Measured in ft bgs. 

(2) OVB indicates well screened in overburden. 

SBR indicates well screened in shallow bedrock (<100 ft bgs) 
DBR indicates well screened in deep bedrock (>100 ft bgs) 





APPENDIX Q: 
SURVEY DATA 


Brass cap elevations represent ground surface 
Top of steel casing elevations on flush 
mounts represent ground surface 


NOTE: 










( O Kj t- V» 


a.ML L>U1_L>£_> 


Btm/009 


Adams & Clark, Inc. 

Civil Engineers/LtnC Surveyors iLand Planners / Landscape Architects 


OASIS- a. CLARK PtLS. 

issued. /cujrtGSWQfrm, p.b 

STUART A. DEYSBVKmt A SLA 


TOP Of 


5CKE HOLE 
OR 

MCh ITCH VE'.I 
HUr.SES 

orol'i'o 

:ooa:;NATEs 

STEEL 

PROTECTIVE 
CAS ISC 
Elevation 

ACCITIONAl 

« elevation 

OtSCR IPTIOU 


nOaihinC 

CASTING 




5W.-5H1 

250. 717 

2.790.57a 

2,*06.29 



8W1-6H2 

235.352 

2.79-1.282 

2.257-32 



3W1-5H3 

235.3 ^ 

2,776.214 

2.412.69 



su-'.-sh; 

253.369 

2.7c2. -2b 

2,440.68 



SVI-ShS 

2*C,50l 

2.7S0.Sc4 

2.454.53 



SW’.-SHb 

235.93* 

.2.7-0,153 

2.451.73 



PE9-3H1 

2*3i*e« 

2.75J.508 

2.430.77 



PS2-3H1 

2*1.521 

2,762.31* 

2.441.17 



PS2-BH2 

241.774 

2.752.414 

2.440.54 



?S7-3H1 

23e. 737 

2.755.717 

2.452.27 



PS?-bH2 

236.726 

2,725.805 

2,431.61 



1SA-8H1 

242 . Ie8 

2.789.279 

2.*10.*3 



SvS-fiHi 

243,20= 

2.793.600 

2.357.07 



k w—j 6 

235.330 

2.772.2ib 

2,**?.05 

2442.7 

Ground 

.1V-2 7 

21-2,232 

2.759.556 

2.413.56 

2x11.0 

Grouna 

MW’-jS 

si .ax- 

2./S6.222 

2.417.53 

2415.3 

Ground 

kv-39 

250.726 

2.790.57C 

2.405.50 

24C8.7 

Ground 

. M .v—; a 

2 4 4 « 5 1 5 

2.7=2.102 

2.433.90 

2435.44 

Tc? PVC 

MV—4i 

2**,573 

2./63.056 

2•*]S.*6 

2435.26 

Top PVC 

r.w-ii 2 

2ii. ^7* 

2.762.20c 

2.4-S.57 

2 4 2 6,1C 

Tc? PVC 


24j,4S3 

2,76*.05 1 

2 . 451 . 0 : 

4 •* + 0 • m 0 

Tap PVC 

f1V-4M 

2i;.'H3 

2.76-.036 

2,*;0.23 

2*32.*3 

Top PVC 

r-y-^5 

:*-.*?2 

2.76*,12* 

2.*;C.5* 

24-C.77 

Top PVC 

r.w-i6 

2 *»*» • 56 1 

2.752.056 

*35.63 

243$.23 

Tc? PVC 

r,w-; 7 

2*7«536 

2.781.20b 

2, **6. * 7 

2441*. 37 

Grouna 

-MV-* 5 w/ 

2*2.1:92 

2.791.293 

2,*Co.7i3 

2x05.6 

Grouna 

—— 

2*1.**2 

2.79’-. i-R 

2,;cc.t5 

2355.5 

Ground 

- MW-3C - 

2*3.95$ ’ 

2.791.166 

2,*CC.22 

23=3.0 

Ground 


2-C.5U 

2.790.663 

2. *00.77 

2397.3 

Ground 


2*1. =; 2 

2.7S9.6CE 

2.*09.31 

2406.4 

Grouna 

i 

r 

i 

a* 

u# 

2 - 2 , CC6 

2.790.023 

2,*09-75 

2x05.4 ■ 

Grcu.no 

_ nv-54 ^ 

2-2,ch 1 

2.790.150 

2.*0Q.=b 

2x09-77 

Tco PVC 

.mw -5 5 » 

2* •, 65a 

2.782.583 

2.*32.7* 

2439.55 

Top PVC 

mv-=6 « 

2*1.622 

2.732.093 

2.**2.3* 

2442 . IS 

Top rVC 

*--57 

231.235 

- 2.758.23$ 

2,362.37 

0355.3 

Grouivd 

fw-e 3 

21*5.650 

2.79:.GOC 

2.*16.2= 

24-6.69 

Top PVC 

--U-5S—v/ 

2;*.*53 

2./T..11] 

2.*01.20 

3355.9 

Ground 

“x-bC v/ 

2*2,511 

2.791.092 

I,*Cc.2* 

2x05-6 

Grcunc 


2*2.025 

2.790.023 

2.*CS.63 

24C6.6 

Ground 

MW-52 

2*7« 5*6 

2.751.21? 

2♦**6.*7 

2444.-7 

Grouna 

*V— a j 

2* 5,5 • 9 

2.795.153 

2,*01.0* 

23=5.9 

Ground 

rtV—a* 

2*5.C2C 

2.775.713 

2.*36.69 

2-54.4 

Ground 

kv-65 

2**.533 

2.733.313 

2,**2.05 

2435.25 

Ground 

r.v-66 a 

2*3.219 

2.785.925 

2 .*2S.92 

2423.46 

Top PVC 

*v-S7 

2*3.515 

2.755.862 

2,**3 .0 2 

2426.51 

Top PVC 

.“.v-bS D 

2*2.502 

2.78e.au 

2,*2o.77 

2428.-7 

Ground 

MV-S9 

2 “6. 67 H 

2.796.267 

2,3=7.29 

2365.6 

Ground 

.“w-7C 

2 * 2 . 21 ; 

2.793.558 

2.*C0.0j 

23=6-9 

Ground 

r.w -71 

■7TC. ILL 

2,755.596 

2. * 3 • • 3 9 

2430.52 

Top PVC 

kv- 72 

236./** 

2 . 7 - 3 • 7 - 3 

*32.30 

2 - J • .67 

Top PVC 

“--73 

23=.663 

2.755.602 

2. *3 1. 2b 

2450.72 

Top PVC # 


3(0-^ 

03 



W. 13C3 Mar-~.il Ave.. 5-skanc. VJA S92CI 

(£091 325-5353 





uouo ;iti oo-o 


SAIC GOLDE> 


Qj o o 6 -- o o; 


SNITORIHG WELL LOCATIONS " FAIRCHILD A.F.8. SPO<ANE UASHIHGTOK 


/ tOP OF TOP OF BRASS CAP 

/will . ^THINGS BASTINGS W «ttV_ _____ 

««"; a ~ , 1 2396.24 I CASING ELEV 8 NORTH TOP 10- «UARE PLATE S 

——T"-""— ! 

73 I 247737.22 I 2796230.44 1 2391.53 I________I 

-a- === BSsI 5*4«=csas=s I MEM«r= = ar»*«i I SS«»M=5=»St*=| 5S=SSSS«S»«-I**- 4 H - 

” r«_5—2S^L—I———22cn.—- 

—5————-™«———-I 

.7J 1*243645.13 1.2797012.76 I 2400.96 I 1 2399.06 I “ j 

^- 3 «======[===^=^i==«i====«==x==.i-=-=»-=—^=«:«='«^» i*«=**=”»*-i'”™- , **** ,n, ”*""“ s “ ss — 

79 I 249254.50 I 2796973.07 I 2415.02 I I 2412.90 l _ ". 

I I =r= OT ==x=«»: 5S «= S ™.|«=»n..o.|»»-.m»—«=••- S asi«......o. 

30 i 249227.18 I 2796974.22 I 2415.73 l I 2413.56 I _ __ 

_ ___J _ | _ | - r —, I —-*-i==q \ =r3a»nxin>iaiCT»ra38W»g»c»n««««««««^= I 

81 ViwMO.IO I 2796847.14 I 2386.90 I t 2384.82 I _“_,„_! 

-.« 9 «„« s I« S = Sa « 3S «I«« S ===««-I«»“«"«“«l*™»-==J==;;«***'“ ™”"”•- ; 

S2 I 2i77S5.0S I 2796926.18 I Z38C.42 ! I 2378.73 1 _ 

_ j_j ______ : . =3C=== ^j rE ^^3—= I ,——==- 1 - 3 .= J wmmmMmu*wwmmm*nunm*mm-m**Mxn**nnm*+M**=-> 

= *" " = 83 == "*”I 247945?57 == 1 2797103^72 I***2393.88 1 | 2392.52 J _ “ _ 

I-__ s I 

85 1*2^619.52 I 2795879.33 i 2404.62 I 1 2402.13 I " ; 

_„ ssm * 1 --- 33 -_tf..Er S r S ™= S l S =====«=^I«sS5-««n!s-»««^I* -m ” # ^ ,ffCSSSS ”" =5,SS1S5raiS " i 

p 7 \ r 97 ! 77S0107.97 I 2453.70 I l 2452.24 I CASING HLEV 3 OPEN LID OPPOSITE HINGE I 


■**TTM« ■W«»* J 


3 ««— }. 

.^ir==r™I 


:=uafia>»ua I 


i*iaxciri2«ra«isicza 


j | CTaa«aBia »j»* tiiss?sss;s=gsasias 83 y»«^as» \ 

1 2469.18 l " _I 

l «st=at=^»*«* I ataa «w»»****--—^^sss===as 5 ss----ssssass - — I 

I 2468.42 I M _ _ 1 

j’"”" l CASING ELEV 8 NORTH TOP LID I 

t ^ ^ _^ 

J”” 445 .70 I CASING ELEV a OPEN LID OP'OSITE HINGE ’• 




87 I 239929.27 I 2780107.97 I 2453.70 __I _ I 245Z.24 j-L»"sra.' 

88 _l. 1 239727.52 I 2779299.27 I 2464.85 1 I 2462.54 I 

T. j __ ! [ - - [ >»«.>»» 1 ss OT i««»*|aB«».M»»*«*sra::~!=sa«s»***"« 

" 89 -r I 240462.23 I 2779300.09 I 2471.57 I I 2469.18 l " _ 

»»<:»»» I maaaamaaaaaa J „»»»»» I !ro5 »a«Kl«.«s»si" I l **»«—«••==**“"=======*===»==-- 

90 I 240622.17 I 2779962.49 1 2470.55 1 I 2468.42 I ^. ."_ 3 _ 

I---------- I 27S1770>67 j 2U1.01 I I | BA SING ELEV^S NO RTH T0P ^__« j ^_ j 

m 92 £ 1 241895.69 1 2781770.36 I 2442.99 I I j __ _ 

SS8 . s ^.-x«i j_J^™ 15 61 ;f!A- E1< ----------- 

. 94 ' 1 246608.97 I 2794958.93 I 2399.46 l I 7397.23 i " 

_--- aa , s = s - s T J - == —^33= | =S5 *»*M3*«S \ *=-=:*3*«lir*»« l *mmS*M* nan«M«iin M . r= = 3«C = = —s - 

95 * 1*248478157 1**2795322.26 ! 2398.61 _ _ j ZS96.TZ _1_^_____ 

; 247383.10 I 2795360.90 I 2392.C1 I _ I _ ^*,«s_=-_ am _=_» 

*** 57 I 247387.42 I 2795570.58 I 2407.65 t I 2405.61_„„„_^_=«_ 

98 — I 243511.41 : 2793680.00 I 2400.14 I I 2398.07 ! ^ _"_^_ 

99 C7[ 242536.17 ! 2791023.12 I 2436.SS I J _J_ __ 

100 _ ; 240939.42 i 2791166.23 1 24CC.36 1 1 1 CASINO ELEV 8 NORTH TCP LI0 

_ R _ . 3 -•_____ =3 __ 3 • = * ==T=3K= -— == ] ====3===r3*«-« i 3*7Sn*»*»M ! M**a«M»*«<*M»==S=*=i3S233«=S=SSS==~ 

* 1C1 i"24a703?io"V 2797023.05 i 2401.57 l 2401.55 I 2399.59 I CASINO ELEV 3 OPEN U0 OPPOSITE HINGE 

<«»•.:»»:! 5 «===,=««! ! «= ; »k«=:»!=::~»»^I====:=—« 1 ==»a—**—I —.-•*Mn=a= 9 : 3 ., E =s :;; =:r:^rn 

102 ,/f 242591.67 I 2790844.42 I 2407.35 I I • CASINO ELEV 3 NORTH TOP LI0 

= I : .::n:a:»sn I I [ .isjuuiimi I «—»""»«■ ■ — ■« =s==sa=a==sa»==a=^s=: 

103*^ 1 242635.56 t 2790897.59 I 2407.17 I l * " 

-t ===== ^xx.,»*s=I as======x=»a I t *=«»—=«*« I «•»»«—««KssssKSssa>K=KS=:a= 

134 —' j 240259.31 : 2789947.09 I 2402.37 I 2402.38 I 240C.28 I CASINO ELEV 3 OPEN LID OPPOSITE HINGE 

•.iissnsxsa. 1 .:»a;s: 3 :i. • ».»:uiksss I .»=».=.«! .jm 1 c=—««»■ I s? ubuu» I ••••..—•■s==5s====sm u-==-—=— 






sicsssxsrssa] ss:a=3S333x> I xxa==ss2x«;ss; I 3==* E =-*5BaM I sn«=a»M« t i^**-* 1 - 

105 • I 241685.21 I 2733178.18 ! 2435.37 I I 

136 . I 241933.07 i 2732930.31 I 2435.74 1 I 

esaa:=SIE3SvI >:IC3SI1|I3; * ;;;;; ;cnss=3S I :iBnMa3373?N 1 rr*=2ES=STC^r^ ww J 

Q 137 : 243323.29 l 2735591.61 ! 2428.60 I I 

SSIC3333X«*« I ixsasiiamc [ xsnrvsiusxssi { S53 = S3SS33S=T*3SW J =£Ji=XSTnara 1 rmiri** 

138 I 243431.23 : 2785544.90 I 2427.63 I I 


CASING ELEV 3 NORTH TOP L!0 


mm [ t«tgrowiatu«wnsss= "■:=-=-TT3»-»-T~~ = 


■ MI —IIIIC3 


K£ 3 rc=zi nim »aa 


cairiiFasaa iu 


■ •xasxTtno: 


7 H-tO 2 













, v> V sJ *- i <J O 


14007/009 


dAlHC.UEll LOCATIONS - FAIRCHILD A.F.B. SPOKANE WASHINGTON 


.L * NORTHINGS EASTINGS 

:r:3ca:::;»s J ■===«*: as*** I a3ixx5»»<caiJ 

■ 109 * 1 241565.30 I 2782374.07 I 

:l;53sa-3ii I xzaiuaMZZV] Maaaicsznm t 

m 110 r- 1 241375.51 J 2782464.69 l 

r3££=:sscs«lj *==3333**.*. I «ESSj;S£«MS£lI 

t in ffrl 243590.27 I 2783657.51 I 

=*=rat^i [ ssmsaaesun] nua::sn3sssc[ 

112 I 243493.30 I 2786234.65 l 

s=S5S5*sars2t{ ssasssswsic ! s=acssxsss««si t 

113 ^ I 243768.47 J 2785969.80 I 

=jfcs«WC55| sszsaeSSZZSs] 3atxaa*S£=CESX { 

■ l14 | 245884.75 I 2796238.45 I 

J ■3KS7S = MZkS] Er=axrazx=a«» J 

115 I 248966.78 I 2798824.94 1 

■ 116 I 248992.09 I 2798821.85 I 

£^»SS£:*: I >:::■ cssssss I ssscsnssisss*! 
117 I 246124.21 I 2798345.48 T 

» 118 1 247313.45 1 2798295.91 I 

119 — T 24C332.63 J 2793355.43 I 

^120 v^^242346.47 I 2791865.32 I 

Bl21 — ! 239237.81 ! 2791994.62 I 

122 ^1 242361.21 I 2791865.94 ! 

Jl23 I 239854.85. { 2791969.26 ! 

”4 _^\ 240962.41 i 2791916.32 1 

I j i/l" 240975.68 I 2791914.18 I 

126 I 249798.27 I 2798764.65 l 

1 127 i 246544.88 I 2800343.09 ! 

128 ! 240655.70 I 2779642.92 I 

t !29 -4. J 240121.59 I 2779344.39 I 

130 4 . I 239821.25 I 2779676.38 1 

:=S5=sri*l35| ;s 50 = s32=i*i] sasss ==^==um3s*jc » 

131 ^ : 240362.33 i 2750296.1C ! 

■ '32 t 240620.56 : 2779985.88 l 


p32 - r I 240620.56 
133 24:643.09 

:34 S I 24095S.67 


273-5 281.71 
2730614.09 


Cj 

an 

I 247956.41 

1136 

I 245861.71 

■ ■ts«»3*ass 

ii 

ii 

i« 

ii 

u 

it 

it 

it 

«i 

n 

™ 137 

I 248747.02 


I a;;a.=5s=. 

I 244687.38 

Il39 - 

I 247^63.59 

= ===zi-SIj; 

ii 

ii 

ii 

H 

H 

II 

H 

>1 

11 

II 

U0 

m as= ,- 

1 246743.06 

I 

I 250882.63 


isss|3x*s«*sss::;ss 

71 2 2796090.23 


280C297.63 


246743.06 l 2795554,44 
250882.63 I 2797493.15 

s;;»3a:sss! s-assssssssca 


TOP OF 
CASING KIEV 

SSSSSSiaBlKSS 

2440.86 

acnxKUssnv* 

2440.83 

ezaaaazvzautt 

2427 .U 

ZsaaaaaUZSIVS 

2427.10 

ncssnausaii 

2427.38 

XZCaaxsaiSSEZS 

2386.71 

= SST= = SS7ac3catXS3 

2395.08 

2396.16 

■3«s::a ssstsss 

2370.91 

2380.21 

2388.70 
2399.14 
2383.34 
2399.28 
2394.13 
2297.77 

2397.71 

s:sssfis?*=aea3ari 

2402.31 
2370.96 
2471.25 
2470.36 
246C.40 

2462.32 
2470.99 

SS5Z===58225S2 

2438.79 

SSSSSSSSS= 3 _s i 

2462.23 

2394.48 

2385.43 

sacxaaissiccas 

* 2395.16 

SZSSSSSSS3SZVC 

2371,62 

ss:z:a:=r:ss:s 

237C.10 

2390.03 

XSSS5SZSSS3SSS 

2403.11 

=E*:**3n;ssss 


TOP OF 
PVC ELEV 


2386.73 

2395.04 

2396.06 

2370.94 

2380.15 
2388.80 

2399.16 
2388.45 
2399.26 

s:ssas»ssss 

2394.24 

2397.89 

2397.75 

z;;= - r xm-nm 

2402.33 

2370.94 

sssssssaxssz 

2471.23 
247C.37 
2459.96 
2462.29 
2471.03 
2438.69 

2462.24 

srssss=»ita 

2394.43 

55S53=z:39ia«* 

2385.31 

T55 = 3« = SJZtm*» 


2371.40 

saasss-rairaa 

2369.94 
2389.81 
. 2402.94 


IJUSS CAP 
ELEV 

icibu»«»vm|i 


remarks 

••■■■■•Mtitzssxaz.aaarsssssi 


ystiisnixsai •■■*»*auir*Ti« cssssssczax a 

I " 

tio»>CTMaiIis¥iai»ai r> s ^ is«sssz=rCTxag;z;ss = ag s==gt z 


cs««aisinnn|s" 


■fiiirMMaaaii 


mg«m ■■■ 1 nvivn«v«xMiii»zssss=sa:zsssssss==g=3s 

238S.14 I CASING ELEV S OPEN HO CPPMITE HINGE 
2292.81 I " 

2393.95 I 

2368.80 t " 

tincn«ax*s I npYiTf*Mafliacsssss5Ssrrs:sssssssgs=-“33 

I 11 

u^ratrvTirXT*! ■ ■»****=*a-***^*xi«u«=-S=-ss===Jt=S--=S5===^“ 




Tssettassssj aia«n>i«K»sssssss=^=s 

1'$'«*■* I ir jS^' ' Z'<'' •■'!> '• 

axs:ssssn| a**e**M»=s=ss:sas:5==s 


sz:ax*sxeaaa J ai«a»B«xiaaszszs==:s=sssss==sssr=:r::3SSS 

l V ^ L 'L'U t ,r> 

5***=-==-3s« Jaa«»aiM***s=r^==ss=s-=rr5=i=s===ri=rrs3S3T* 

1 " 


K*=S33S3333s|*«**lISSS3S.2SS3S3S5SS333=3=S=SSSC3S33333* 

zi 1 s y*i 1 , : sv. ^ -u„t? 

93xx=3SBaxaiI«ia»«zjiaa5szs=»s±ssg>sssss=====ras:aasss 

I M 

Tsasazxxzsts!cniaa«az«aa3;ssssz==sss:a::sssss==:=sssss 
2368.86 I a 

^»a-r ggiitt I ■n»ai «fcaaass;rssssssas;sss ,.„ s=sg=3a i:»AZ S 

I CASING ELEV 2 OPEN LID OPPOSITE HINGE 

a ssj agjaa aa a I aai»*«aac«zss=s=ga=::sssssssssssss=aaia;zs 


*3S355===^X3]seaa aaa a 




i==i3 [ 38aiaaKX«iac»;; 


**i32iI n;M»»Ti»««te»«<sss5^s , 5s:=s:sa2srsssss3;5ss===--s 

l 11 

I » 


?sw-*m**=zz=xx j nua wwmmm ■■ax=ss«^s:s»=sr==rs^srs=si^=s:ssLS- 

2383.43 1 BRASS DISC MARKED SU8 KU74 

« 2392.57 I *AT PLUG AT TCP W.K. AT N SIDE CCNC PA0 

c::::aiiacn I i««xRmaan«.* --=irrz 

2369.21 ; BRASS 0ISC MARUI0 SV1 MU86 

z^rizaaaiaai J laaaanxaaaasszssssaaassgssrssssssssssiaas 
2368,00 I BRASS OISE MARKED MU1 

3awii5=ar»*x]»j«i*fa«zssa9:=5= = =g3S5aazaz = = === r2s=:n5szz 

I CASING ELEV S OPEN U0 CRPCSITE HINGE 

G«-xi-c»rc^i J aa»»Na«aiiacss*;;agz=222i-c;z;i^:r == — = r« 

26:3.54 I BRASS DISC MARKED 7.3 MU75 

3**mj£,= rou3 J 3£»****.ar.«l«lBf5333*;3s=333S;33;:s=:;£ 


ie I-IH i 




























11:33 


3303 279 5525 


SAIC GOLDEN 


liooa/oc-a 


*CNITO*UG WELL LOCATIONS - PAl*CHJU> A.f.ft. JPCKAWE UASXIWGTCN 


WEU # KORTHINCJ EASTINGS 

»icxnni | nxx»JMuAE J z7j«»ua««jKm* 

RU*7 [ 214098.44 I 2794594.38 

uMiizaixi] xxun«wna| aaiiuiivann 

RU-9 J 248893.53 I 2796402.53 

ussnun [ iiuK»m«[ ■■*ji**i*w«o» 

RU-10 I 249115.56 I 2796359.03 

UtXSSSSSn] E3S5T^*«Ji*atS* l CB = zmx«H«»H 

RU-11 l 249127.99 I 2795990.77 

STVuasalX J XES«X^BXX3l{«x««inCBr333X 

*U-47 I 247119.91 I 2BnCUa.98 

e«S»I£S=3 I EB»MS«XUX I 


top or 

CASING ElIV 


ro slev 


2384.57 I 2380.5 


CSOUND INSIDE 4” 01A C.H.P. 


2398.15 I 2404.35 MONTH CENTER A'X4* OPENING IN COtC APPROX 6* A30V* SU8I 

"2398.68 I 2404.86 TOO NOTH CENTER OF COHC SUE 8 UELL OPENING_I 

mnc=3n»«|m M;»a »«M|gm» "» IIM » M " l l l , ll “‘ 1 *'*' "" ' 1 1 ' ' -*~I 

2404.56 I 2404.57 TOP NORTH CENTER 12 u S0UARI CONC RISER I 

uiranitin I M;s««Maii ■ r sMm J 

• 2371.39 I * 2368.72 *ELEV AT PLUG ttLEV AT ♦ AT NORTH SIOI CCNC PA0 I 

_ I -nM.] M g.iaiM.lutii ui i iM«« « »nrm «»*«g =BB n = s - 


STATION 


S POND 


HZO ELIV B.M. ELEV _ 

u|..«tMMSS!«[.»«misia:issns«5»««“=s»™=“*“ Hro »»*"*“ -*****—3— *—~ ". 

I 2375.36 1 2376.91 OHtSLED * IN S.E. CORNER 4<2X 5' MOT AT WEST SIDE POwO SPRAY ED ORANGE ELE V 8- 14-9^ 

I 2379.58 1 2380.70 TOP 2" PIPE AT EAST SIDE PONO NEAR INLET SLEV8-H-91 ^ ^ _ 


■■■laziimfvOKma 


I 

| Qr&d 


:3X£ 








/. 11:33 ‘3303 279 3525 


SAIC GOLDEN 


Qooa-oc 


/ 


✓ 


'HOLE LOCATIONS * FAIRCHILD A.F.B. SPOOXE WASHINCTON 


/ 


/ 




aim .oi»nt«»i»M>»:—==r==3=- = 

mmmwmmmmmmmmmmmsmMmmmrni 

IS o«.«....-««»«»««»*“- MMS5;5SS2SSS=S::= 


At- Cr+->J L*~u£tf TOf of 

JRE HOLE * NORTHINGS EASTINGS CRCUHO ELEV .^ at ^-«i»« a - 

^„.==«.„«I,1..-==*—«=«*l*-«===,.*.=1 «==--* 

Swfi-Orf 17 1 246525.0 I Z795117.2 I 240U8 ,.L„ m «-l=r=**— 

sssnaiaaai: ] usat«*ci»*» I ■**"■** • 

18 I 246303.0 I 2795533.8 « 2381.7 _ j __ s=ssMS „,,«=a== 

=«======*= I =»=====*■-1 * ==r --;r; I 

19 J 247366.5 I 2765218.6 J 2390.3 I_ Iiam- « 

c=;;;*rms«= J 1 M * 3= “ == — = ^ = " c I =3 ***“~’ - ar * 

20 l 2^6812.3 I 2795323.9 i 2393.4 * _ T _ w __ 

»rs. c =»>»i s «===«»«21«=.-**==««*i-*»=*»=•»-*« -t;” , iP 

21 I 246791.7 I 2793248.8 l 2395.5 239 l:!_,... M======3 „ 

-___--„ 3 - == | ====== ====*«J.«======*=I*==*=*-“===*l' =3 " 

”22 1 248236.5 I 279SS7S.8 t 2392.8 I _ _—=,*==«..«« 

__-----, - I( »^nui] s:sss «.r=r I ,|.«=«=--*«! =*«- 1 - 

23 I 248216.3 I _ z79S £lf J_{======*=«= 1 **====«-=«- 

24 I 247929.5 l 279S790.1 t 2392.7^ !_ = - c =«] ====== 

iti==;====3i I =s=a==*s==*«= J ««gs=a= =r^ r *" » I ss=^*** a3 - ** | 2 

25 I 248381.7 1 2795546.8 1 2396.7_J ==== . 

===**“====1 =====■*=*==« l *=-—======== I == a " ” 

• 26 I 248501.4 l 2795845.1 I Z399.6 1 __=*1-»= ---•.-= =—■■■»—«—■■«■■»»■=*«== 

, == =======t====== = ==*==t*==>==—====== I ==---=-= 3 -=*J*" = ” 

27 I 248424.6 I 2796075.6 l 2397.0 I_ 

==========, =========== J =».*«*======1 “=« sssxs2as=3 l - - ‘ 

2! I 248257.5 t 2796097.2 1 2391.2 _^ j_ ___ __‘I~~ - ———-=»«»===» 

29 1 247968.0 i 2796114.8 I 2393.6_}_ _ ___ 

30 B ‘i'l48155.3 ! 2795797.1 I 2390.9 

=========== i ============ i ============= i ============1 — 1 

31 t 248102.7 l 2795749.3 1 2390.8 1 __ 

===========! =======»•« i KSM-stssssss!" 8 * 555 * 5 * 5 * 48 1 **'-;;*: 

32 I 246829.0 I 2795094.8_ 1 _23 97.0 _I 239 7-0 ■_ _ 

33 I 246847.2 t 4795632.8 1 2387.9 I ___ 3J __j __«====<==^■■■■*■=== 

34 I 247339.5 I 279S573.8 I 2379.7___„„ ^ 

35 1 247150.9 I 2795641.6 1 _2393.2_1_2393.0 _ 

36 1 247178.8 I 2795040.4 J_2395.3'_j___^;^_; =as . 3 -- === - = „=„.-=«=«.—=.=—— ===== 

37 t 243448.1 T 2795651.7 l 2398.9 1 .---^-1-__ _ g=3 ___ 

38 I 248308.7 *795695.3 ! 2394,7 j__ 3S - s -=5S5»====»w«=«===»=** |# ======= 


■■niM«A*ii8»* aUllc: 


.«*■*■»■*•«■»=:****■*****- 






8M3«:======«-— : 






iiMii<n** aaiulTT11 


&ti Hq 
- 3° 










r* . • S' 


^ ck_-Vd, 


MONITORING WELL LOCATIONS - FAIRCHILD A.F.B. 


SPOKANE WASHINGTON 


<0 


■ WELL * NORTHINGS 

ZI3X=»XXX32 I === = *** — "* I X 

Q ^ 86 * I 240617.12 I 

I snsssmui I I * 

/ H2 I 243604.93 I 

r S= t = ;sxs:33S Ia = 5 = =sa3=3X*l; 

143 l 243283.24 I 

| s= :«=c=rs== I =======-==== I: 

144 I 242394.98 I 

/ ==========i============i= 

I : 145 I 242212.32 I 

)-============, =======—1 = 

! 146 I 242920.21 I 

I 'x ,.147 I 242621.43 I 


EASTINGS 

:.tnn.iz=« 

2780S68.54 

sssxunmn 

2791070.52 

2790994.79 

2791094.48 

2791097.03 

2791349.91 

2791503.19 


TOP OF TOP OF BRASS CAP 

PVC ELEV CASING ELEV ELEV 




REM AUKS 


2459.64 

ssstxnxsi 

2412.20 

:i:zs3xrx 

2411.02 

2405.43 


2405 

! £ It 

1 II 

1 11 

1 II 

2403 

.24 I 

2405 

.98 I 

i 

i 

i 

i\i i 
r* i 
O 1 
O' 1 

.68 1 

2406 

.72 I 

2406 

.54 ! 

2400 

.17 1 

....— 1 

2401 

.66 I 

2401 

.87 r 

2401 

.36 I 

2401 

.86 I 

2405 

.13 : 

24C1 

.4.4 I 

24.00 

.50 ! 

24C0 

.35 1 

2401 

.55 ! 

2400 

.74 1 

24C1 

.34 i 

2-01 

.38 i 

• 2462 

.75 ! 


2459.54 

»» iw~r-«Tr« i ■■ Mm 

2412.33 
2411.10 , 

;:sssxs 44.i s 

2405.50 

2405.88 

2403.27 

2406.14 


- 2457.59 

i z ir •• * ■— 

2410.34 

X = *3**»** 

2409.02 

isiziza xzi 

2403.35 

2402.96 

2400.97 
2403.85 
2404.31 

SSSSSSS5SS 

2404.44 
2404.SI- 
2398. 20 
2399.53 
2399.63 

::;;r:s33i 

2399.16 


TOP OF CASING ELEVATIONS ARE ON NORTH SIDE 
OF FLUSH WELLS, 0* OPPOSITE HINGE WITH LI3 
OPEN ON ALL OTHER WELLS 
ALL P.V.C. ELEVATIONS ARE ON TOP OF PIPE 
FACING POINT WHERE CASIHG ELEVATIONS ARE 

asx2s==«33*»*3***=***s==* 11 = maL1 * a * =::s= = 


X5S JZlXl*X**UI»3««*3=*»» 3t,S::S: = 


1 f — 148 I 241571.06 I 2790446.70 

|l 149 I 241566.82 I 2790644.17 

r 150 I 241530.79 [ 2790683.64 


2406.97 

2406.87 


^ 151 I 241182.58 I 


^ j 152 I 241133.21 ! 2790720.02 I 2401.66 


■ ^ 153 i 240929.61 I 

" ============ Is===========I = 

— ! 154 I 240908.66 I 

J ==L=========I ============ I = 

155 I 240935.61 I 

^ ====== _ I==== = = ====== ; = 

_ ’ l+ _. 156 : 241107.71 : 


: 157 ! 240666.37 

152 : 240671.34 

159 i 24C69C.62 

• ‘60 ; 240647.47 


Wh 160 I 240647.47 

| 161 : 240660.70 : 

1 162 : 240607.13 1 

^ J- 163 I c-0607.13 

164 m'j". 241060.53 


2790803.32 I 
2790720.02 I 
2790868.00 I 
2790891.67 I 
2790680.97 I 
2790446.31 I 
2’90669.33 : 

2 7 90696.44 I 

r 

- — -- 4 

2790684.39 • 

============= I 

•790652.37 I 


2406.78 I 2404.51 

2400.45 I 2398.20 

2402.23 I 2399.53 

2402.21 I 2399.63 

2401.52 I 2399.16 

2402.37 I 2399.1* 

24C5.35 I 2402.83 

24C1.71 I 2398.88 

2401.02 I 2398.73 

2401.32 I 2398.89 

2401.57 ! 2399.21 

2400.84 I 2398.56 

24C1.49 ! 2399.08 

2401.49 l 2399.08 

2462.91 I 2460.71 

2451.33 I 2449.23 

2-46.65 I NA 

2471 .;-l I 2468.90 


ir3r3snsrs3M=3s«xx3X*x*x*x3rsx»*s=*—== 




2790716.36 I 
279C823.27 ! 

2790823.27 1 

2780612.07 ! 


J 165 ^ ! 240723.17 1 2781058.73 ! 2451.30 

v. |X*« ^0 225961.82 1 2780575.66 : 2446.25 

167 * : 240615.31 I 2730007.14 1 2471.07 


2399.08 

3S====3X=3S3 

2399.03 

2460.71 

24.49.23 


:3si3::3:::::::3:ssxsss3«::r:::: 

NW 162 & 163 ARE |N SAME CASING 
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MONITORING WELL LOCATIONS * FAIRCHILD A.F.B. SPOKANE WASHINGTON 


TOP OP TOP OF BRASS CAP 

WELL * NORTH INGS EASTINGS PVC ELEV CASING ELEV ELEV 

163 ^ I Z4C345.22 I 27B0277.28 I 2462.50 1 2463.25 I 2460.53 

169 9 I 240639.32 I 2730533.34' I 2459.67 I 2459.39 I 2457.84 

Lxxzxxxxrxlxxxsr.xxxxxx I =K«»««M»I xxxxxxxxx: 


170 


I 240618.32 I 2780537.70 I 2459.43 I 2459.79 J 2457.53 


**$»* = * = ** = ** I c=:::z3SZ3xi I i::cu»zsxssi I xxssxnrasaux \ I u*uraa*«» 

171 # I 240625.29 I 2780641.23 I 2457.76 I 2457.77 I 2455.80 

v 172 I 240621.01 I 2780713.04 I 2454.71 I 2455.27 I 2452.90 

i = = asss=s= l 1 :i3»:x3cs:2=i I sssrsnrsxrzra I sszarsazim I »=«xxi:zz*« 

, 173 * I 240621.01 I 2780713.04 I 2454.81 l 2455.27 I 2452.90 


174 


I 240690.25 I 2730535,32 I 2461.46 I 2461.63 I 2459.16 


I 240690.25 I 278053S.32 I 2461.46 I 2461.68 I 2459.16 


I 175 


™ C L 76 1 2a 736-C3 1 278279S - 27 1 2439.09 I 2439.28 I HA 

t £| 177 ^ l 241340.47 I 2782232.73 I 2440.70 I 2440.39 I HA 

173 Xl 241337.63 I 2782233.45 I 2440.61 I 244C.83 I ha 

m[ I 179 I 241573.50 I 2732383.24 I 2440.59 I 2440.77 I HA 

V. -i. 180 I 241667.61 I 2732688.98 I 2439.20 I 2439.47 I HA 

g, T 131 ». I 243069.06 I 2735263.12 I 2423.33 I 2428.52 I HA 

| • .2 # I 243700.96 I 2736143.55 I 2428.09 I 2423.41 I HA 


I 

i 

! 

I 

\ 

I 

V* 

I 


| 183 • I 243576.92 I 2736484.14 I 2426.60 I 2426.94 I HA 

I 2427.47 I HA 


Cat 


^ 184 • • 243321.57 I 2736312.46 I 2427.27 

• 135 4 ! 242356.36 I 2735248.64 1 2423.73 I 2429.13 I ha 

I 136 I 243097.40 l 2735594.66 I 2429.35 I 2429.66 I ha 


1 137 


1 242333.59 


2'35840.96 I 2423.48 I 2423.25 


HA 


■7 153 I 24-01...39 ; 2~S677C.97 I 2425.22 I 2425.43 

v.« 169 , 1 244233.25 1 2737049.73 I 2425.38 I 2426.29 

| .. . .. 

r) J 190 • ! 244230.03 i 2737043.50 I 2425.33 I 2426.04 




4 . 

I ! II 

! 1.1 1 


NA 

==========2= 


I 
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REMARKS 

TOP OF CASING ELEVATIONS ARE ON NORTH SI0E 
OF FLUSH WELLS, OR OPPOSITE HINGE WITH LID 
OPEN ON ALL OTHER WELLS 
ALL P.V.C. ELEVATIONS ARE ON TOP OF PIPE 
FACING POINT WHERE CASING ELEVATIONS ARE 


MU 172 l 173 ARE IN SAME CASING UEILS MOT 
MARKED AT TIME OF SURVEY AHO PVC ELEVATIOH 
MAY HOT FIT WELL 


MU 174 t 175 ARE IM SAME CASIMG 

=SS:Z3XXSXSX3SX:3Z=X3S:SZX3=USXZSSSX23S:S 

f«-USH MOUMT5 

===============================2======== = = 

=3=======3=31====I3= = ==== = ==== === = = = ===== = = 
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B=X====2=X»ZX==X=S=X3S=3SS=3SX»33SSX:XXX 

I 

ex=xxr=s»::x^3:xx3=:x»:3xixs33n=32=:3Z2, 












x/ 


xjraaarsssssaasasrzzxarzsasszstrr:::: 










-^cs/zue y tv * 


ru¬ 
ff_ 

- 7 ~/?</£- *<- 

~7~£> cz. -a . 


~2 s- 

2<yc/- *s "7 

•«?y 

T v*^2* 2 ^ 

2V^2'27 . 

■22 

2V7/ • 23 

zy 7/- 2 S'" 

'2 ? 

2 y 7<2 • _? 7 

2 y 7 <5 * 3 (2 

3 0 

-2.ys~ Y' 

2.yc>c • yo 

3 / 

ZY&Z • 2? 

2/62- 3 2 

■3 2. 

2y? / * <2.3 

zyyc • 7? 

3 3 

ZV 3 £' ^9 

2y 7<P* 7^ 

'3 Y 

2Y6_*- zY 

2 yc. Z- 22? 






